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ABSTRACT
Informationsystemsareone of themost importantools for organizationsto
conductbusinesstoday.The dependencyof organizationalfunctionsto information
systemsmakesthemcriticalfor thepeopleusingthem.So becomestheimpactof failure
or successof informationsystemsmoresignificantin organizations.The initialtaskfor
informationsystemsdesignersis to appreciatethis real life situationand understand
variousaspectsof informationsystemsandtheirevolutionoverthepastdecades.
Informationsystemdesignis a detailedprocesswhichhasto be plannedand
implementedwith greatcarenotonlyfor, butalsowiththebusinessexpertsandusers.
Designersand users should be aware of the problems,requirementswithin the
organizationalcontext.In thisthesis,we will describeanddiscussvariousinformation
systemsinorganizations.Differentinformationsystemtypeswill begiven.
Databasemanagementsystems(or databasesin organizations)aretheessential
partsof informationsystems.A "good" informationsystemis surelybackedup with a
"good"databasebehindit. Designinga "good" databasesystemsis thecriticalpartof
the process.Following structuraland well definedmethodson databasedesignis
somethingwe needin todayin organizations.We will present,furtherin this thesis,
variousdatabasemanagementsystemsanddatabasetypes.Relationalmodelis themost
widely used databasemanagementsystemtoday. We will studyvariousrelational
databasemodelconceptswhichwill bea basefor our managementinformationsystem
databasedesign.We will followvariousdesignandrefinementmethodologiesto end-up
withawelldocumentedandrefinedrelationaldatabasemodel.Duringourdesignwewill
utilizea sophisticatedatabasedesigntool.We will usethedatabasedesigntool Sybase
PowerDesigner.Ourdesignwill bemodelingaman-powerplanningdatabase..
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6z
Bilgi sistemleri,gliniimlizorganizasyonlannda,en onemli~ ara~lanndanbiri
halinegelmi~tir.Organizasyonelfonksiyonlann,bilgisistemlerineolanbagun1Ihk.larl,bilgi
sistemlerinikullarucI1ani~in olduk~akritik hale getirmi~tir.Bu nedenlede, bilgi
sistemlerininb~ansl veya ba~arlslZhgl,organizasyonlari~in daha da onemli hale
gelmi~tir.TasarlIllcI1ari~inilk ~, bu ger~eky~am senaryosunualgI1amakve bilgi
sistemlerinindegisikyonlerini,geli~imleriI1ebirliktekavramaktrr.
Bilgi sistemitasarlIlllolduk~adetayhve cok dikkatliplanlanmaslgerekenbir
~lemdir.Bu sadecekullaruCllandli~linerekdegil,aymzamandakullaruCllarmdatasarlIll
~abasmakatI1lIlllrusaglayarakyapIlmahdrr.Bu tez ~~masmda,deg~ikbilgi sistemleri
yapI1antarumlanrm~vedetaylarlve~tir.
Veri tabaruyonetimsistemleri,bilgisistemlerininvazge~ilmezpar~alandrr.iyi bir
bilgisistemi,mutlakaiyi bir veri tabamsistemiyledesteklenmelidir.Genelolarak,iyi bir
veri tabarutasanmIyapmak,i~inen onemlikIsrmdrr.Glinfunlizdeorganizasyonlarda
ihtiya~duyulan,yaplSalve iyi taruml~ veri tabarutasarImmetodlandrr.Tezin
ilerleyenkIsmmda,degisikveri tabaruve veri tabaruyonetimsisternleriver~tir.
i~kisel (Relational)model,glinfunlizdeenyaygmkullanIlanyen tabarumodelidir.Bu
modelindegi~ikkavrarnlan,bizce ger~eklestirilecektasarIm~ahsmasmatemelOlmasl
a~lSmdan,bu ~a~madadetaylandrrI1rm~tlf.Burada,taSarImve ge~irme (refinement)
metodlm izlenerek,iyi dokfunanl~ vegeli~tirilmi~(arltI1rm~)ili~kiselbirveritabaru
modelineula~I1rm~lf.Bu tasarlIllsUrecinde,geli~~ bir veritabamtasarlIllpaketiSybase
PowerDesignerkullarulrm~trr.VeritabarutasanmlIlllZ,insanglicu planlarnasmayonelik
birmodelortaya~Ikarmaktadrr.
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Chapter1
INTRODUCTION
1.1Motivation
Computers,andcomputerbasedsystemshaveevolveddramatically,sincethey
were first introducedin the 1940's as the products of scientific researchand
developmentin to date"high-tech"laboratoriesof Universitiesand researchlabs.
Popularavailabilityof computingpower lead to the evolutionarydevelopmentof
informationsystemsanddatabasesusedby theorganizations.Not onlythenatureof the
organizationsandbusinesspractices,butalsotheunderstandingof informationsystems
havesomehowchangedoverthepastdecades.
Availabilityof morepowerfulandeconomicallyfeasiblecomputingtechnology
hasbroughtnewtoolsandutilitiesfor, notonlycomputerpeople,butalsofor business
experts.Thus,variousinformationsystemarchitectureshavebeendevelopedalongwith
thedifferentdatabasemanagementsystems.Computerusage- at leastin thewestern
world- hasbecomeapartof dailybusinessesandpersonalivesof peoplein onewayor
theother.
New roleswithin the organizationshavebeendefmed,creatingmore"gray"
than"blackandwhite"job descriptionsandexpertiseareas.Furthermore,thesuccessful
utilizationof computingpower,speciallyinformationsystems,havebecomestrategic
aspectsfortheorganizations.
Informationsystemsarecostlytopurchase- or develop- deployandmaintain.I
Giventhe amountof expertise,time and effort put into informationsystems,the
expectancyof "success",effectivenessanduser satisfactionis at a very high level.
Thesefactorsin factmakethetaskof informationsystemdesigna technicalandsocial
combinationof efforts.Technicalbecause,buildinga technicallystronginfrastructureis
alwaysa prerequisitefor development.And social because,the existenceof the
informationsystemsin theorganizationsareprettymuchaliveandevolvingin nature;
whereanythingfromrawdatato subjectiveviewpointsarethrownintoapotandmelted
togetherto performdaily and decisionmaking tasks in the organizations.User
orientationand awarenessof businessobjectiveson one side of the table, and
technologicalabilities/ limitationson the other.From theseare emergingthe mal
products:Theinformationsystems.
The studyand implementationof informationsystemsundoubtedlyrequires
strongtheoreticalknowledgeandtechnicalcapabilities.But giventhenatureof them,
theyalso stronglyrequirea practicalunderstandingandexperiencegainedover the
yearsanddifferentexercisescarriedoutinreallife. We carmotdenytheexistenceof pro
orcontratechnologyfeelingsof businessexpertwithintheorganizations.Peopleintheir
I Munshi 1.,A Frameworkfor MIS Effectiveness,Working Paper,For presentationto theAca
BusinessAdministration,Athens,InternationalConference,July 1996,p.l
ownexperienceseithermadea greatuseof technology,or had struggledto perform
theirvery basic businessoperationsby using "badly" designedand implemented
informationsystems.We believethequestionof a "good"informationsystem,at least
in themindsof businesspeopleandusers,is a difficultquestion.But we alsobelieve
thatunderstandingtheoverallimpactsof theinformationsystemsto peopleandto the
organizationis a goodstartingpointto findanswers.And aswe havementionedbefore,
astrongtechnicalabilityandunderstandingis themainweaponthatsystemanalystand
designers,technicalarchitectsandin generalall developersneedto haveto tacklethe
problemsof informationsystems.
Databases,asa bigentitywithintheinformationsystemsarea,areoccupyingan
importantrole in theoverallpicture.Not onlybecausetheyarethesourceof data,but
alsobecausetheyaresophisticatedplatformsthatrequirea specificunderstandingand
expertise.Theirquality,effectiveness,design characteristicsdirectlyeffecttheoverall
qualityandcharacteristicsof aninformationsystemusingthem.We cannotdesignand
implementan"good"informationsystemwithouta "good"designandimplementation
of its databasebackground.One mightarguethatthis rule is valid for any entityof
informationsystems,for exampletheuserapplications,but we stronglysuspectthat
databasesdo playa bigger role since they hold and control the importantentity,
businessdata,afterall.A badlydesignedfront-endsystemmaybereplacedwithbetter
versionsbutabadlydesignedandimplementedatabasewill takemoreeffortandcost
tobecomeabetterone.Whatis more,sometimesit is notevenpossibleto achievethis,
giventhe lessonswe have learnedfrom the old big legacysystems,which are to
importantto throwaway andto big andbadlydesignedto makemoreeffectiveand
useful.
This thesiswas possibleby experiencingthe real life casesalong with the
theoreticalstudiesduringthelastyears.Thestudyhasbeena mixtureof "real-life"and
academicresearch.This thesisis aimedto giveanoverallviewof developmentsin the
informationsystemarea.Differentarchitecturesandtypesof informationsystemsare
introducedbeforegoingintothedetailsof databasedesignandmodeling.We aimedto
distinguishthedifferentinformationsystemtypesfromeachother.Ourcategorizationis
a morefunctionalcategorization.One can categorizeinformationsystems,basedon
theirarchitectureor criticality or scope.We have introducedsome architectural
differencesbutit is notourstudyin thisthesisto go intodetailsof these.
1.2Scope
We haveseena highlydenserelationshipbetweentheinformationsystemsand
databasesystems,whichleadusto studyandpresenthevariousdatabasesystems,their
architecturesandtheirhistoryof evolvementin this thesis.The final outcomeof this
studyis a databasemodelingfor man-powerplanningin a typicalorganizationin
manufacturingbusiness.Since this is not a full implementationof an information
system,wehaveexcludedthesystemanalysisphases.
Different types (i.e. manufacturing,financial) of organizations,where full
systemdevelopmentshavebeenexperienced- from a programmerslevel to project
managementlevel - providedthe real life knowledgefor the databasedevelopment
workinthisthesis.Real life experienceondifferentplatformsof computersystemsand
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developmentenvironmentsoverthepastyearswasthemainmotivation,alongwith the
theoreticalstudyin theinformationsystemsanddatabasearea.
This work is mainly concernedwith the utilization of formal database
developmentmethodsand a sophisticatedatabasedesignand developmenttool to
implementa managementinformationsystemdatabase;a model for man-power
planningin anorganization.We will usageE/R Diagrammethodto definethemodel
andusetheconceptualandphysicaldesignmethodsfordevelopingtheactualdatabase.
Beforetheactualdevelopmentwork,wehaveintroducedvariousdefinitionsand
conceptsof informationsystemsanddatabasesystems.This is doneas anoutlineof a
genericpictureof whathappenedandis happeningin theinformationsystemsareaand
databasemanagementsystemsin the organizations.We haveworkedon a relational
databasemodelwiththebelievethattherelationalmodelis themoststandardizedand
widelyutilizedmodelin manyorganizationsto date.
Many big databaseproviderssuch as Oracle, Sybasehave come up with
powerfuland sophisticateddatabasemanagementsystemsover the last years for
relationaldatabasesystems.The currenttrend in databasemanagementsystemsis
towardstheobject-relationalandobject-orientedatabases.We did not includeany
object-orienteddesignand developmentin our model.Object-relationalmodelis an
extensionto relationaldatabasemanagementsystemswith addedabstractdatatypes,
nestedtables,varyingarraysandlargeobjects.Eventhoughsomeof thesefeaturesare
usedinourmodel,we still call it a relational-databaseincemainmodelbehindit is the
relationaldatabasemodel.
1.3Organization
Therestofthis thesisis organizedasfollows
• Chapter2 describesvariousconceptsof informationsystems,theirevolution,
differentinformationsystemtypesandtheirarchitectures.
• Chapter 3 describesvarious databasesystem concepts,architectures,
organizationalrelationsanddifferentdatabasetypes.The elaborationis on
the relationaldatabasesystemsas this is the model for our database
development. Relational model concepts, functional dependency,
normalizationandschemarefinementis giveninthischapter.
• Chapter4 describesthe variousconcepton designinga database,E/R
modeling,conceptualdesignandphysicaldesign.
• Chapter5 containstheactualwork of thedatabasedevelopmentusingthe
modelinganddesigntoolPowerDesigner.
• Chapter6 is the concussion,wrappingup variousdiscussionsand future
researchanddevelopmentopportunitiesin theareawe haveworkedin this
thesis.
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Chapter2
INFORMATION SYSTEMS
2.1BasicConcepts:DataandInformation
The new Oxford Dictionaryof English definesdataas "facts and statistics
collectedtogetherfor referenceand analysis,,2with the sub sense"the quantities,
charactersor symbolsonwhichoperationsareperformedby a computer,whichmaybe
storedandtransmittedin the form of electricalsignalsand recordedon magnetic,
optical,ormechanicalrecordingmedia."
Webster'sDictionarydefmesdataas "thingsknownor assumed;factsor figures
fromwhichconclusioncanbeinferred.',3
For a completedefmitionof "data",bothdefinitionsabovecouldbecombined.
As forcomputerpeopleandtheway theirmindssometimeswork, thesubsensegiven
aboveprobablymakesmoresense.
A moredualandstandardefinitionfor datais givenby theAmericanNational
StandardsInstitute(ANSI):
1. A representationof facts,concepts,or instructionsin a formalizedmannersuitable
forcommunication,interpretation,orprocessingbyhumansorbyautomaticmeans.
2. Any representationsuchas charactersor analogquantitiesto whichmeaningis or
mightbeassigned.Generally,weperformoperationsondataordataitemsto supply
someinformationaboutanentity.
Everyone,in computertermsor not,has data.Organizations,individuals,or
systemsgenerateandusedatain theiractivitiesto formdifferentkindof knowledgeor
information.Thenextstepis to compareanddistinguishdatafrominformationso that
wecanclearlyunderstandbothof theseconceptsandtheirrelationship.
According to the InternationalStandardsOrganization(ISO) and ANSI,
informationis the meaningthat humanassignsto databy meansof the known
conventionsusedintheirrepresentation.5 .
Thereis nowaratherwidelyaccepted istinctionbetweendataandinformation.
Thedistinctionin defmitionsfor dataandinformationalsohasa potentialcircularity
whenconsideringdataastheencodedrepresentationof informationandinformationas
derivedfromdataandusefulin solvingproblems.6
2 TheNewOxfordDictionaryof English,OxfordUniversityPress,Oxford,New York, 1998,page468
3 Webster'sNew World Dictionary,CollegeEdition,Toronto,Canada,page374,1962
4 AmericanNationalDictionaryfor InformationProcessing,Washington,DC : ComputerandBusiness
EquipmentManufacturersAssociation(CBEMA), Report No. X3trr-I-77, 1977September.
5 Ibid
6 EverestGordonC., DatabaseManagementObjectives,SystemFunctions&Administration,McGraw-
Hill,p.7,1986
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McDonoughofferedan earlydistinctionbetweendataand information.(See
Figure2.1). He argued,thatdatabecomesinformationwhenevaluatedin a specific
situationor appliedto solvinga particularproblem.That is, databecomesinformation
whenusedto makea decision.Sincevaluederivessolelyfromsolvingproblems,it is
meaningfulto speakonly of thevalueof informationand not of the valueof data.
Informationis formedin thehumanmindwhendataanda problemcometogether;the
supplierandtheuserof informationmustbothcontributeto makingtheproduct.The
supplieror supplyingsystemcannotproducea completeproduct - information-
withoutheuserwhois facedwithaproblem.
SomeconsiderMcDonough's positionextreme,yethis opinionled to a key
point:datarequiresinterpretationto deriveinformation,andthe interpretationmust
stemfroma specificproblemsituation.Consequently,it is meaninglessto speakof an
informationprocessingsystem.No matterhow muchdatais processed,it cannotbe
turnedintoinformationuntilapersonusesitto solveaproblem.
DATA PROBLEMS
DECISION
ACTION
Figure 2.1McDonough's DistinctionbetweenDataandInformation.
The termdatais usedhereto representmessagesthatcanbe availableto the
individualbutwhichhavenotasyetbeenevaluatedfor theirworthto him in a specific
situation.All communicationsin a firm may be consideredas some form of data
processing.Informationis used here as the label for evaluateddata in a specific
situation.Whentheindividualsinglesoutoneof hisproblemsandfindsamonghisdata
materialthathelphimsolvetheproblem,heis convertingor isolatinginformationfrom
data.Notethata givenmessagemay remainconstantin contentand yet underthis
approach,changefromdatato informationwhenit isputtousein makingdecision.?
TerenceHanolddrawsaninterestingandclarifyingdistinctionbetweendataand
information:Informationhas to do with communicationof knowledgeinspiredby
observation- with the interchangeof thoughtsandideasproceedingfromexperience.
Informationis different in kind from data. Information has the attributeof
7 Ibid,p.l O.
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communicationwhich datadoesnot have.In contextof business,datais merelythe
digitalshadowof haphazardlyeventsindifferentlyrecorded.Yet informationbegins
withdata.Data is transformedinto informationthroughthe infusionof purposeful
intelligence.Thus, informationis datarefinedby intelligenceso thatit communicates
meaningorknowledge.8
We havetriedto clarifythedefinitionsof dataandinformationin thissection,
alongwith their interrelationshipsand logical dependencies.Different views for
definingdataandinformationleadsus to a commonunderstanding:Datahas to be
processed,filtered,reviewed,communicated,validatedtoproduceinformation,whichis
usefulto decisionmakers.Figure 2.2 showsthe high-levelprocessfrom data to
information.
Definmgprocesses
PROCESS
Data
•..Filtering •..Information•.. C lculation
•..
Communication validation "t DecisionMaker,................................... _ ...........................
ProblemSolver
New data(facts)
:. _ .._ _-_ .._ .._._ _ _ ............................•.•..................................................._ _ :
Figure2.2Processfrom Datato Information.
Informationin generalmusthavethefollowingcharacteristicsto beusefuland
valuable:
1. Accuracy:Theknownrule:"garbagein garbageout".No garbagedatashouldbe in
theloopof generatinginformation.Datamustbeaccurate.
2. Completeness:Even thoughsomemightrightly arguethatinformationis never
completeandfrozen,becauseof thecontinuinglearningprocess,we still statethe
completenessof information- at a giventime within given boundaries- as a
requirementfor itsvalue.
3. Simplicity:Outof scope,toomuchinformationcandistractheprocessof decision
makingby hidingtheactuallyrequiredinformation.
4. Timeliness:Outof dateinformationor invalidatedinformationwouldleadto wrong
resultsanddecisions.
5. Verifiability:Any informationshouldbeableto betracedbackto thedatabehind
it,andtheprocessesthatgeneratedit forproofandverificationpurposes.
6. Economical: No process and systemhas unlimited sources for generating
information.Thereforeinformationmustbeeconomicalto obtain.
8 TerranceHanold,An ExecutiveView of MIS , Datamation(18:11),page66,November-1972
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2.2Systems
As suggestedby thename,informationsystemsarespecifictypesof systems.
Wewill startfromthebasicsystemconceptsto beableto describeandunderstandthe
natureof informationsystems.
We live in aworld,full of systems,someof themphysicalandsomeothersmore
abstract.A systemcan be defmedas a collectionof interrelatedpartswhich taken
togetherformsa wholesuchthat,thecollectionhassomepurposeanda changein any
ofthepartsleadsto orresultsfromachangein someotherparts.9
This is a verybroaddefinitionof a system.The importancehereis that,the
elementsor componentsof a systemareinterrelated.A singleobjector structurecannot
be definedas a systemunlessthe elementsof it are fulfilling the requirementof
dynamicinterrelation.Systemshaveinputs,processes,outputs,feedbackandcontrol
mechanism.Furthermorewe cansaythatcomponentsin a systemcouldbeaswell sub-
systemswith theirown inputs,processesandoutputs.Most systemscanbe illustrated
bygeneralmodelgivenin theFigure2.3, which also showsthe intermediatestorage
entityof a systemlO• In this figure,internaldetailson variouselementsareshownas
blackboxes.Thesewill be detailedanddescribedin the followingparagraphs,along
withtheotherdefinitionssuchassystemboundaries,connectionsbetweensub-systems
andfunctionalhierarchieswithina system.
Anotherattributeof systemsis their objectives,by which we understandthe
reasonsof theirexistence.Objectivesof a systemcanbeclear;"easy"to observeand·
understandor theymaybe difficult andvery complicated.The engineof a car as a
systemhasa simple,clearobjectivewhereas,political systemsor economicsystems
havecomplex,multiobjectives,difficultto defme,understandandformulate.
Control
Inputs
Process
InternalStorage
Outputs
Figure2.3GeneralSystemModel.
Inputsandoutputsof a systemdependon thenatureof thesystem.Thesecanbe
physicalor abstractstructures.Thepetrolfor thecarengineis a physicalinputwhereas
9 CurtisGraham,BusinessInformationSystemsAnalysis Design and Practice,Third Edition,Addison
WesleyLongmanLtd.,p.l3, 1998
10 Ibid, p.14.
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theview of a politicianis an abstractinputto an economicsystem.Followingsare
examplesfor systeminputandoutputs:
• Physicalmaterials
• Data/ information
• Money
• Energy
• Labor
• Decision
Controlmechanismin a systemis thesetof rules,conditionsto ensurethatthe
systemobjectivesare fulfilled. Changingsystemobjectives,processes,inputs and
outputswould leadto changesin thecontrolmechanisms.Controlmechanismcanbe
viewedasinternalinputtothesystemprocess.
Internalstorageis the temporarilyor permanentstructureswithin the system,
thattheprocessneedsto store,retrieveandupdate.A systemwouldneedto keepevery
intermediateoutputuntilthe [malone is achieved.Storageis alsoanenvironmentfor
storingsetof controlrulesandstructures.
Figure2.4showsa moredetailedmodelof a systemwheresubsystemstogether
composethemainsystem.
Environment
INPUT
Sub System1
IPl.l h.~ _······1
Control
Sub System2
Figure2.4DetailedModel of a System.
Inputscomefrom,andoutputsaretransferredto, theenvironmentof a system.
Anyentityoutsidetheboundariesof a systemcanbedescribedastheenvironment.The
environmentof a systemis in interactionwith it by givinginputsandreceivingoutputs.
Systemboundaryis aseparationbetweentheenvironmentandsystemscope.
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2.3InformationSystems
Informationsystemsare the subjectof the rest of this chapter.We will be
describingvariouscomponents,functionalityandstructuresof informationsystemsin
thefollowing sections.We will also presentvariousdefinitionsand discussthese
defmitionsfromdifferentangels.
Informationsystemsherewill refer to computerbasedinformationsystems,
otherthanmanualsystems.The systempartof theinformationsystemrepresentsa way
of seeingthesetof interactingcomponents,suchas:people,objects,proceduresand
functions.I 1 Peoplefollow proceduresand executefunctionsto developor generate
informationfromtheinformationsystemsasanoutputof dataprocessing.
Theterminformationsystemshasbeendefinedastheeffectivedesign,delivery,
useandimpactof informationtechnologyin organizationsandsociety.12
Buckinghamet al. (1987b)definesinformationsystemas a systemwhich
assembles,tores,processesanddeliversinformationrelevanto anorganization(or to
society),in sucha waythattheinformationis accessibleandusefulto thosewho wish
touseit, includingstaff,managers,clients,citizens.An informationsystemis a human
activity(social)systemwhichmayormaynotinvolvetheuseof computersystems.
ThedefInitionof Buckinghamemphasizesthe"social"and"human"elementsof
informationsystems.According to this definition, informationsystemsare not
technologydriven.Whatis more,thedrivingpowerbehindtheinformationsystemsare
socialandorganizationalrequirements.Technologyis seenmoreas a tool utilizedin
informationsystems.
Wewill reviewtheevolutionofthe informationsystemsfroma technologyand
functionalpointof view- whichalsorepresentsthesocialandhumanelements.Even
thoughinformationsystemsare originatingfrom the needsof various parties in
organizationsand society,technologybehindthem has becomea more and more
powerfulresource,effectingthenatureandutilizationof theinformationsystems.This,
inreturn,hasgivenwiderperspectivesfor informationconsumers.Informationsystem
requirementsandinformationscopesin organizationsandsocietiesarenow far bigger
thanwhattheywouldhavebeenfiftyyearsago.On theotherhandinformationsystems
arenotjusttechnologyanddonotjustmeanautomation.
Informationsystemsstudyis at the centerof manyconceptsmainly,people,
software,data,communication,hardware,organizationand procedureswhich makes
informationsystemdevelopmentmorethanjust an informationtechnology(IT) task.
Informationsystemsare a part of an organizationalsolution,basedon information
technology,to a challengeposedbyenvironment.
2.4ArchitectureandComponentsof InformationSystems
11 AvisonD.E, andFitzgerald,G., InformationSystemsDevelopment:Methodologies,Techniquesand
Tools,SecondEdition,McGraw-Hill Companies,p.l, 1995
12 Ibid,p.2.
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Computerbasedinformationsystemsare composedof variouscomponents
interactingwith eachotherto performthe desiredgoal. We will try to picturethe
generalarchitectureandcomponentsof informationsystems.We will be considering
the"modern"up to datearchitectures.This meansthatwewill betakingsamplesfrom
theup to datetechnologicalplatformsand architectures.We will be also usingthe
industrialexperienceswehaveoverthepastyears,wherewehaveobservedmanytypes
of informationsystemsinfrastructuresin different types of organisations. The
experienceof real life informationsystemswill be drivingforcefor thediscussionsin
thissection.
People;managers,informationworkers,customers,developersarethefIrst and
maincomponentof aninformationsystem.Informationis onlyvalidandvaluableif it is
utilisedbypeople.Informationsystemsarefor people.Anotherviewisthat,it is people
whodesign,implementanduse informationsystems.It is nothingdifferentthanthe
NeanderthalMan makinghand-axesfor survival.We wouldnotliketoreducethescope
of informationsystemsto a hand-axedevelopmentby sayingthis,butwe wouldlike to
emphasizetheneedsandtoolbuildingcharacteristicsof humanbeing.Today,we need
informationsystems,andsowebuildthem.
Users,of an informationsystemscan be in differentlevels.Data collectors,
businessexperts,office clerks,productionengineers,junior andseniormanagersand
customersareexamplesof theseusers.
Anotherhumangroupis the informationsystemdevelopersin organizations.
Operators,programmers,businessexperts,managers,informationworkers, system
analystsanddatabaseadministratorsaremembersof thisgroup.No surprisethatsome
of thesepeopleexistsin bothgroupsas usersanddevelopers.This is because,some
peopledevelopinga systemare also the very samepeopleusing the system.For
examplebusinessexpertsarein thesecategory.
Thesecondcomponentof aninformationsystemis thecomputertechnologyand
variouscomputersystems.Nowadays,computersystemsin organizationsaremorelike
a collectionof variousarchitectures.Distributedsystems, centralizedmainframes,
clientserversystems,variousoperatingsystems,databasemanagementsystemsandfIle
structuresco-existo buildup theoverallcomputerplatformfor informationsystems.13
Usinglocalandwideareanetworks,thesearchitecturescancommunicate,andvarious
applicationprogramscansharetheorganizational,andexternaldata.
Databasemanagementsystemsare an essentialpart of informationsystem
architecture.Everyonehas data.14 Data is storedand controlledin databases.An
automateddatabaseis a mechanized,shared,formallydefmedandcentrallycontrolled
collectionof datausedin an organization.IS We will explorethedatabaseconceptin
muchmoredetailin thefollowingchapter.
Many organizationshave information systemswith in-house developed
applicationsand third-partypackages.Third party packagesmore often are for a
13 UludagMemet,00 Yilina Hazirmisiniz?,TMMOB Elektrik MuhendisleriOdasiIzmir SubesiBulteni,
Yil: II, Sayi:llO,Haziran1999,p.20
14 LooneyKevin,Koch George,Orace81:TheCompleteReference,Osborne/McGraw-Hill,p.6,2000.
15 EverestGordon C., DatabaseManagementObjectives,SystemFunction& Administration,
internationalstudentedition,McGraw-Hill Book Company,p.ll, 1986
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specificprocesswithintheorganization.Thesearedevelopedand maintainedby an
outside"expert"company.Payroll system,financialsystemsarea fewof theexamples
wheresuchpackagescomeintopicture.
End-user computingsystems(EVeS) are a relatively new approach in
informationsystems.In parallel to using in-housesystemsand packages,various
businessdepartmentsaketheapproachof developingsmallmostlystand-alonesystems
to assiston their daily activities.Thesesystemsare called the end-usercomputing
systems.End-usercomputingalsorefersto theability of non-computeremployeesto
createtheirown systems.16Therearevariousviews on EVeS systemsandon their
advantagesanddisadvantageswhichwewill benotdiscussinginthisstudy.
Local area(or organization)computernetworkis the communicatorfor the
systems.It servesfor allwell knownbenefitsdescribedin networkstudies.As for our
purposewe know thatdevelopmentsin the communicationtechnologymademuch
fasterandreliablecommunicationetworkspossible.
A generalorganizationalinformationsystemcomputerarchitectureis shownin
Figure2.5.It is clearthatthis representationis notalwaysthecase.By givingsucha
viewwearetryingto addeverypossiblecomponentintothepictureto havea possible
widerunderstandingandto seeabiggerscopeof informationsystems.
A higherlevel(functional)viewof informationsystemsis picturedby including
external(customers,suppliers,co-operatingorganizations)and internalfunctional
entities(departments,dataflow, informationflow, users).This is shownin Figure2.6,
wherethecomputercomponentdetailedin Figure2.5is shownasablackbox.
Variousfunctionswithinaninformationsyst@mscop@areproc@ss@dbydiff@r@nt
grQUps,Development,executionandmaintenanceof an informationsystemarecarried
outtogetherby businessexperts,workers,analysts,and managers.Various business
areaswill continuouslyfeed in dataand gatherinformationfrom the information
system.In fact,dataandinformationwill besharedby thesedifferentgroups.Eachof
themwill probably~ mor@int<:~r@st@din a iff@f@ntformatandconttlmtof information
genemtedfrom the samepool of data.Data will be administratedby the database
management(administration)entity;a collectionof systemsand people.External
components(environment)will havea bi-directionaldataandin factinformationflow
to and from an organizationsinformation system. Customers, co-operating
organizations,vendors,institutesaretypesof externalcomponents.In Figure2.6,data
!lidinformationflow is shownwitharrows,This is a generalviewof anorgav.izational
informationsystem.Againweneedtohighlightthatnotalwayseachof thesefunctional
relationshipsexistbetweenvariouscomponents.In reality,differentkind of business
areas(manufacturing,finance,healthetc.)will havedifferentstructures,dictatedbythe
natureoftheorganization.
16 Departmentof Accounting and Business Law of the James J. Nance College of Business
AdministrationatClevelandStateUniversity,URL: http://www.csuohio.edu/accountsl
11
Database
Management
Systems
<=-_==-_==_~····I~~;~~~·~~~;~····················"'l
L _ _ _ _...J
r·························..·············_····························_·····1
, ClientSeryeLS_xstemsl
~ j
! ii i
1 i
1 !
i !
~i,; A~~c:son I'\r---V 1
i, i!
~ !.._ _ ............••.- _ ..............•..- _ _:
c··········..··········_·····················_·····_··-·················..·1
: End User Computingli :
I Systems i
1 !
i Servers ;
~
~
~
~
i Databases
i" i
: -..........•.- -.._ _ ..- _ _ ..":
I MainframeSystems i
i 1
I !! !
! !i :
~ !! !
! !
! i
1 !
! i
1 !
~
~
l!
i. _ _ _ _ _ _._J
Figurei.5A GeneralOrganlsatlonalInformation (Computer)Architecture.
Analysts,
Programmers,
BusinessExperts
Data
, ~ Department
A
Data
Information
Department
B
Data
Design,
Execute
(Hardware& Software
ofInformationSystem)
ComputerArchitectures,
Programs,
SUPPLIERS
CUSTOMERS
Information Information
l... ~~.~_ .
Department
C
ORGANISATIONS DBMS Information
Figure2.6A Higher Level (Functional)View of Information Systems.
12
2.5Functionsof InformationSystems
Until now we havedescribedinformationsystems,defmedtheirarchitectures
andcomponents.Duringtheprevioussectionswe havealsogivenindicationson the
functionsof informationsystems.In this sectionwe like to summarisethe overall
informationsystemsfunctions.Regardlesswhatthearchitecture,complexityor typeof
aninformationsystemsis, thegeneralfunctiondescriptionswe will give in thissection
arevalid.Sincewe arenotworkingon a specificinformationsystem,we will notgive
anyspecificfunctionalityof anyspecificorganisationalinformationsystem.
A highlevel list of functionsof an informationsystemaregivenbelow.These
arecommon,generalfunctionsvalidforalmosteveryinformationsystem.
• Input:Datacollection,transactionprocessing.
• Storing:Storingbusinessdata.Involvesdatabasemanagement.
• Processing:Convertingdatato information.Manipulationof datain manydifferent
ways.
• Output:Producingdifferentypesof outputs(asinformation).
• Feedback:New datagenerationfromproducedinformation.Servingasa feedback.
The list of functionswe havegivenabovearedefmedin isolationfrom the
businessfunctionsof anorganization.In fact,to beableto describethefunctionsof an
informationsystems,firstwe needto describethebusinessfunctionsof anorganization
it hasbornto. We needto understandthestructureof theorganizationalongwith the
businessprocessesandobjectives.Anothervery importantaspectis thatwe needto
understandthedecisionmakingmethods.At theendof theday,we defmeinformation
systemsasverysophisticatedtoolsfor supportingthebusinessfunctionsandworkerson
dailyactivities,planning,reportinganddecisionmaking.
Everyorganizationis unique.As complexsystems,no twoorganizationscanbe
exactlythesame.But we canstill give a generaldescriptionof commonfunctionin
organizations.The exactinternaldetailsof thesefunctions(how they are executed,
managedetc.)canbe differentfrom oneorganizationto the other.Below, we have
giventhebriefdescriptionsof thesecommonfunctionsin organizations:
• Purchasing:Regardlessof their type,organizationsneedmaterialor servicefrom
environment.An organizationcannotbefully isolatedto operatewithoutreceiving
anyserviceormaterialfromoutside.Thereforepurchasingis acommonfunctionfor
organizations.
• Sales:Organizationsproduce "something"to sell or provide. Whateveran
organizationsellscanbe in factthepurchaseof another.Serviceandproductsare
thesellableoutputsof organizations.We shouldnotethatproductsarenotalways
fInishedgoods,sincetheycanbesometimerawmaterialfor anotherorganizationto
processit.
• HumanResources& Man-PowerPlanning:"Things"aredoneby people.Labor is
thegreatestvalue.To dothings,peopleneedto berecruited,organizedandplanned.
Thisisacommonfunctionandrequirementfor everyorganization.
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• Manufacturing:To sellor deliver"something",it hasto be produced.Sometimes
this can be a servicedevelopmentwherenot a physicalproduct is produced.
Manufacturingisthefunctionof theproductionin organization.
• Logistics:"How areproductsgoingto bedelivered?"or "howwill theraw material
beavailablefor production?",or "howwill peoplebetransferredfromandto work
place?" Theseare someof thequestionsandproblemsthe logisticsfunctionis
dealingwith.
• Accounting/ Finance/ Operations:This is a functionsittingon topof theothers.It
canbeseenasa functionfor assessinghowthingsaregoingin theorganization.In a
sense,accountingandfinanceis thefunctionthatprobes,measuresandreportonthe
statusof otherfunctions.
We liketo includeinformationtechnology,training,engineeringandplanningto
thelistof commonfunctionsin organizationsatpresent.
All givenfunctionsabovehavetheirown objectivesandtasks.What is more,
theyhavedifferentprioritiesandproblems.They may be independentwithin them
selvesbutin realityall of themactuallydependandrelyto eachothertoprocess.None
of thesefunctioncan be isolatedfrom the othersto meetthe objectivesof the
organization.Differentlevelof dataandinformationflow existbetweenthesefunctions.
Theyhaveinterfacesbetweeneachother.
We haveto nowplaceinformationsystemsto theorganizationalpicturedrawn
above,andoverlapthegeneralinformationsystemfunctionswiththebusinessfunctions
sothattheymakesense.The purposeof informationsystemsin organizationsis to
integratetheactivitiesof differentdepartments(functions)intoasinglebusinesssystem
thatproducescoordinated,integratedresponsesto itsenvironment.I?
In Figure2.7weshowtheorganizationalfunctionsandtherelationshipbetween
them.As we havementionedbefore,everyorganizationalfunctionhas its own local
objectivesandstructures.Therefore,up to a certainleveltheywill utilize information
systemsto supporttheir own operationalinformationneeds.Furthermore,different
functionscan have dedicatedsoftware packages(informationsub-systems)for
themselves.But froma higherlevelview, thedatathesedepartmentsprovideto the
informationsystemswill in factbesharedandutilizedby otherswhichwill buildupthe
organizationalinformation.Consideringthehumanresourcesdepartmentfor example,
wecouldsaythatit wouldusea specificpayroll systemfor its own operations.The
payrollsystemwouldnotbea toolfor otherdepartmentsassuch.But thedataprovided
byhumanresourcesdepartmentwouldbeutilizedby otherdepartmentsandothersub
systems,whichthenwill makethisdataanorganizationalleveldata.
Consideringthestructuregivenin Figure2.7,it is nota reallife exerciseto have
just one informationsystemcomponentto equally support all functions in an
organization,Thereforewe have given the informationsystemsentitywithin each
functionto show how in realitytheseareutilized..This doesnot imply that these
17KroenkeDavid,ManagementInformationSystems,McGraw-Hill BookCompany,p.454,1989
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informationsystemsarein isolationor physicallydivided.In factit showsthedifferent
functionalsystemswithlocalinformationstructuresandtheircommunication.Thetotal
oftheseinformationsystemsentitiescomposetheorganizationalinformationsystem.
• ••
BusinessCommunication
ProcessLinks
< >
DataFlow
\ Logistics
V
Information
System
Figure2.7OrganisationalFunctionsand Their Relationships.
Becauseorganizationsarecomplexenough,informationsystemfor themneed
tohavecertaincharacteristics.First of all, thereshouldbe agreedand documented
standardsforusage,maintenanceandscope.Workers,managers,everybodyinvolvedin
theprocessshouldknow andusethesestandards.Standardsmustbe usefulandthey
mustbemorepeople-orientedthantechnologyoriented.Becauseit is peoplewho will
applythemor not,it is importanto havebusinesspeople,users,involvedin agreeing
onstandards.Sometimeshavingstandardsandnotapplyingthemis worsethanhaving
nostandardsatall.
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Informationsystemschangeby time. Parallel to the organizationalchanges.
Someof themdie, someof themgetre-designedor someof themgrow in scopeand
developedfurther.Changesrequiredfor informationsystemsshouldbe controlled.As
wehavementionedabove,in general,no informationsystemin any functionof the
businessis just isolatedand stand-alone.Therefore,the impactsof changesto one
systemneedto be analyzedandverifiedbeforeany changeis applied.Changesarea
factof life.It is tothecontrolmechanismhowsmooththesewill occuror howpainful.
Moderntechnologyin informationsystemshas introducedmanybenefitsfor
usersand developers.It has also given new directionsto informationsystem
architectures.Butthereis anothersideto thisfastadvancingtechnology.In Figure2.5,
we had given some of the technologicalarchitectureswhich can co-exist in an
organization.The basefor co-existenceis the technologicalcompatibilityof various
hardwareand softwaresystems.Especiallyin softwareindustry,we seevery rapid
changesand upgrades.It can be sometimeschaotic for organizationsto keep the
existingcompatiblesystemsand at the sametime upgradeversions,platformsand
operatingsystems.Becauseinformationsystemsare not just a few programson a
personalcomputer,uncontrolledandunplannedchanges,causingto interruptionof the
businesscannotbe acceptableandaffordable.Changeson technologyin information
systemshouldbe comingmainlyfromthebusinessrequirementsandorganizational
needs.By this we do not ignorethe factthattherearealsotechnologicalreasonand
opportunitieswhy changesto the systemshouldbe applied.But this is shouldbe a
secondaryeasonafterthebusinessneeds.
In thissectionwe haveanalyzedthefunctionsof informationsystemsat a high
levelview.Thesehavebeenmappedto thebusinessfunctionsof organizations.We
havenotyetbrakedownthegeneralinformationsystemsintovarioustypes.This will
bediscussedin Section2.7. For eachtypegiven,we will also briefly describethe
specificfunctions.This will enableusto understandhow differenttypesof information
systemsfit togetherintoorganizationalfunctions.
2.6Evolutionoflnformation SystemsTechnology
To understandtheevolutionof theinformationsystems,we needto studythe
developmentsin the computingareaoverthe last decades.Despiteemphasisingthe
human(informationworkers,managers,etc.)role in theoverall informationsystems
architecture,developmentsin the hardwareand softwaretechnologyhave made
importantimpactsonformingthemodemsystemarchitectures.We wouldliketo repeat
thatinformationsystemsdevelopmentis notjust equalto automationbut automation
playsanimportantroleon thearchitecture,developmentandutilisationof information
systems.
The field of informationsystemshasgrown dramaticallyover thepastthree
decades.Recenttrendshave transformedthe informationsystemlandscape.These
trendsincludetheevolutionof implementationtechnologyfromcentralisedmainframe
environmentstowardsdistributedclientserverarchitectures,embracingtheinternetand
intranets;changesin theuserinterfacetechnologyfrom character-basedto graphical
userinterfaces,multimedia,andtheWorld Wide Web; changesin applicationsfrom
transactionprocessingsystemstowardssystemsupportingcollaborativework; andthe
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useof informationtechnologyas an enablerof businessprocessreengrneerrngand
redesign.18
We havestudiedthe evolutionof computersand informationsystemsby the
knownmethodof "generationsapproach"because,computerhardware,aridsoftware,
canbeconsideredto haveevolvedthroughaseriesof "generations".19
First Generation,mid 1940's- mid 1950's:
The scienceof electronicallowedthe fist electroniccomputersto be build in
1940s.This wascenteredaroundtheelectronicvalve,a deviceof thesizeof domestic
lightbulb.It consistsof electrodesenclosedin a glassbulb,which is thenevacuated.
Thevalveis responsiblefor regulatingandamplifyingflows of electricity.It is usually
agreedthatthe first general-purposelectroniccomputerwas built in USA and was
calledENIAC.
In 1946,a groupof scientistsandengineersattheUniversityof Pennsylvania's
MooreSchoolof ElectricalEngineeringquietlyinaugurateda revolutionaryway of
managinginformation.Theycalledit theENIAC (ElectronicNumericalIntegratorand
Computer).It gave rise to the modem computerindustryand would eventually
transformpeople'slivesto a degreethatevenits inventorscouldnothaveimagined.20
FirstGenerationcomputerwere
• Vacuumtubebased(short-lived,generatedalotof heat,bulky,slow)
• Hugemachinesin size
• Largeamountof manualwork involvedin runningprograms
• Used for specializednumericallybasedapplications(scientific,census,
engineeringandmilitary.)
SecondGeneration,mid 1950's- mid 1960's:
• The secondgenerationcomputerswere basedon the new technologyof
transistors.
• Magneticcorememoryincreasedthesizeto multiplesofKbytes.
• Thesewere sti1~largermachines,requiringdedicatedhuman(operator)
activitiestorun.
• Theyusedlesspower,producedlessheatandthereforeweremorereliable.
• The timesharingmainframemachinesweredevelopedwhich would be for
leasemorethanfor sell.
• Programswere writtenin specializedlanguagessuch as COBOL which
enabledthe developmentof more complex business systems.Batch
processingwasapplied.Payrollsystems,scientificcomputingsystemswere
developed.
• File systemswereusedfor datastoringandprocessing.
18 HirschheimRudy, A Comparison of Five Alternative Approaches to Information Systems
Development,AustralianJournalofInformationSystemsVolume5,Number1, 1997
19 Hart Dennis & Toomey Warren, History of Computer and Information Systems, URL:
http://www.cs.adfa.edu.au/teaching/studinfo/csis/Lectures/topic3.html
20 UniversityofPennsylvaniaSchoolof Engineering&AppliedScience,ttp://www.seas.upenn.edu:8080/
-museum!overview.html
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Third Generation,mid 1960's-late 1970's:
• DevelopmentsinLSI technologyenabledthethirdgenerationcomputers.
• Third generationcomputerswere smaller,cheaperand more powerful
computersthansecondgeneration.
• Availabilityof moresophisticatedsoftware(operatingsystems)madethem
easierto use.Computersbeganto be interactive.Office computersemerged
runningbusinessapplications.
• Networkingtechnologieswereusedwhich increasingthesharedutilization
of computingpowers.
Fourth Generation,early1980's-now:
• VLSI technologyis developed.Much more power, memoryand disk
capacityis availablein thisgenerationof computers.
• Fast,powerfulcomputersleadto developmentof morecomplex,business
orienteduser-friendlyinformationsystems.More peoplehavenow accessto
personalcomputersandworkstations.
• Databasesystems(relational)have progresseddramaticallysupporting
developmentof informationsystems.Developmentoolsandprogramming
environments are now suitable for complex business system
implementations.
• Multi-media systemsare introduced.Distributedsystems,client server
architecturesaredeveloped.
• Communicationtechnologyhasmadedramaticprogress.Internet is being
usedbymillionsof people.
• Computersbecametheessentialdailytoolsin officesandpersonalactivities.
As we seefromthebriefhistory,computerinformationsystemsevolvedalong
with the developmentsin the technology.Huge computerswithin the walls of
laboratoriesor militarybasesbecamepowerfulworkstationsavailableto officesand
informationworkers.Thus leadingto the developmentof very complexbut user
friendlyinformationsystemsof anytype.
The futureof computingis beingshapedin thepresentdays. The impactand
opportunitiesInternetbroughtto our life is alreadythere.Geographicalboundarieson
communicationand informationsharingare disappearingwhereasthe privilegeof
owningthetechnologyandinformationbecomesa moreandmorepowerfulforce,may
beintroducingnewdigitalboundariesbetween ationsandcontinents.
2.7Typesof Information Systems
Informationsystemscan be categorizedin variousways dependingon what
wouldbeusedasa criteriaon categorizingthem.In thefollowingsectionswe will be
givinga morefunctionaland organizationalcategoryof informationsystems.Some
otherperspectivewould be the "criticality", "scope", "infrastructure"(hardware/
software),"architecture"(centralized information systems, distributed systems
architecture,Internetechnologybasedarchitectures,etc.).
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We will be identifyingvariousinformationsystemcategoriesaccordingto their
functionalitywithin the organizations.The typesof informationsystemsdescribed
beloware TransactionProcessingSystems,Office AutomationSystems,Knowledge
Work System,Decision Support Systems,ManagementInformationSystemsand
ExecutiveInformationSystems.
2.7.1TransactionProcessingSystems(TPS)
Transactionprocessingsystemscan be viewedas the mostdataorientedand
least"intelligent"categoryof informationsystems.These are more for storingor
retrievingdata ratherthan generatinginformation.Transactionprocessingsystem
supportday-to-dayoperations.21
A reservationsystem,order placementsystemare examplesof transaction
processingsystem.Thesesystemareoftenator neartheboundaryof theorganizations
andcloseto their environmentsuchas customers,suppliers.Transactionprocessing
systemscanbeseenasthedatasourceof anorganizations,requiredto operate.These
systemsareoftentheprovidersof dataforothertypesof informationsystems.
Transactionsprocessingsystemsaretheoldestof all informationsystemstypes,
developedin 1950sin accountingdepartmentof majorcorporations.22This doesnot
changethe fact thatwe are still heavilyusing themin organizationsand daily life.
Startingfrom early terminalbasedcentralizedmainframearchitecturesto internet
technologiesandwebpages,transactionprocessingsystemsarestill well in serviceof
organizationsandpeople.Many creditcardtransactionsmadeontoday's Internetsites
areactuallytypicalexamplesof transactionprocessingsystemswith runningonhighly
advancedtechnologicalplatforms.Another specific area of transactionprocessing
systemsi theso-called"hand-helddevices"utilizedmostlyby mobilesalesandorder
processingworkers.
Another characteristicsof transactionprocessingsystemsis that theseare
exposedto a morepublicusageunlikesomeothertypeof informationsystemswhich
aremoremanagementor businessexpertsoriented,withinthe organization.Recalling
theexampleof websitesfor creditcardtransactions,will give us an ideahow many
differenttypesof customers,with differentapproaches,understandingsandneedswill
actuallyutilize sucha system.Despiteof their limitedfunctionalityin comparisonto
otherinformationsystemtypes,transactionprocessingsystemswill surelyhavea wider
rangeof users.Thereforefunctionsandroutineprocesseswithin sucha systemshould
bewelldefmedandsupported.
Figure 2.8 showsa typical architectureof a classicaltransactionprocessing
system.Figure2.9in contrastshowsamoredistributedandinternetworkingarchitecture
oftransactionsprocessingsystems.
In Figure2.8,in a classicalcentralizedenvironment,transactionsaregenerated
bya terminalgivenas the transactionmediumand directedto the application(s)for
21 KroenkeDavid,ManagementInformationSystems,McGraw-Hili Book Company,p.29,1989
22 Ibid,p.29.
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processing,storingdataandgeneratingstraightforwardreports.Datastoragecanbe in
anyformfromfile structuresto databases.
Transaction
Medium
TPS
Application(s)
Reporting
TPS Data
Storage
Figure2.8Architectureof ClassicalTransactionProcessingSystems.
In Figure 2.9, the conceptof geographicallydistanttransactionmediumsis
introducedwhere,the TPS applicationis receivingtransactionsthroughthe Internet
fromvariousdecentralizedmedium.Internalcomponentsare like in the classical
architecture,theTPS application,reportinganddatastorage.Transactionmediumare
externalcomponentsof theoverallsystem.
Transactionprocessingsystemscanbe both,batchor on-line.Figure2.9 is an
examplefor on-linesystems.On line systemsprovideimmediateresultsfor a single
transactionatatime.In batchsystems,transactionsarecollected,groupedtogetherand
processedasaset.This is calledbatchprocessing.
TransactionMediwn InternalComponents
TPS
pplication(s)
TPS Data
Storage
Figure2.9InternetworkingArchitectureof TransactionProcessingSystems
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2.7.2OfficeAutomationSystems(OAS)
Anothertypeof informationsystemsis office automationsystems,thatcreate,
store,modifydisplayandcommunicatebusinesscorrespondence,whetherin written,
verbalor video form.23Typical examplesfor office automationsystemsare word
processors,preadsheettools,e-mail,voicemail,planningandpresentationtools,video
conferencingfacilities,andstandalone,relativelysimplecustomized atabasesystems.
Finally,theutilizationof Intranettechnologieshas introducednew opportunitieson
utilizingandsharingbusinessdataandinformationbetweenemployeesovertheweb
pages.
Advancesin computerhardwareandsoftwaretechnologyhavea big impacton
officeautomationsystems,changingtheway how communication,documentationis
performedin today's office environments.The computingpower and technology
evolutionfrom centralizedmainframeand userterminalsto powerfulmulti purpose
work stationshave changedin many ways how the tools in offices are used.
Developmentsin communicationtechnologyandfast local areanetworkarchitectures
enabledoffices to move from initial standaloneword processingenvironmentsto
networked,sharedprocessingpowers.
Utilizationof office automationsystemshas leadto manydifferentbusiness
orientedsystemslike documentarchivingand imagingsystems;on thejob training
utilities,internal (organization)libraries, standardsand procedurescatalogues.
Furthermore,physicallyseparateofficesof anorganizationscannowshare,accessdata
andinformationwithoutthebarriersof distances.The moreworkersbecamefamiliar
withthe computingtools, the more customizedinformationthey could gatheror
produce.
Developmentsdescribedabovehavealso leadto newconceptsin theoffices.
Sharableandeasyto accessdatahasleadto theemphasisof securityandprivacyissues.
Becauseof thewiderrangeof accessto theofficeautomationsystemandthereforeto
theinformation,thevulnerabilityof the dataandinformationhasbecomemoreand
morean issue.Protectionfor digitally accessiblefiles, e-mails with confidential
information,databaseswithsensitivedatahasbecomemoreimportanthanever.What
ismore,theprivacyof theemployees,customersandotherpartiesin an organization
hasbecomecriticaLWe believein futuretheseissueswill be moreunderdiscussion.
Weassumecommonsenseethicalparametersare in placein everyorganization,but
howmuchmorehasto bedoneto ensuresecurity,privacyof personalandbusiness
information?This is notclearyet.Is it, for example,ethical,managersto monitortheir
officesbyutilizingvideoconferencingor closecircuitcamerasystemswhichnormally
shouldbegreatoolsforoverseascommunications?Or shouldit benorma~monitoring
workersdesktopswithsome"officespy"tools?
Figure 2.10 shows typical architectureof automationsystemswith most
commonhardwareandsoftwarecomponents.
23 KroenkeDavid,ManagementInformationSystems,McGraw-Hill Book Company, p.55,1989
21
Work
Stations
Printers
Plotters
DesktopDatabases DesktopProgram! Message(e-mail) Systems
Figure2.10Architectureof Office AutomationSystems
2.7.3Knowledge(Engineering& Scientific)Work Systems(KWS)
A veryspecificinformationsystemtypeis theknowledgework systems.These
aresophisticatedspecialpurposeengineeringandscientificsystemsutilizedby experts
inanarea.Mosttypicalexampleof sucha systemwouldbethecomputeraideddesign
(CAD)tools.Otherexamplesare,specialtestingandanalysissystems,simulationtools.
Unlikeofficeautomationsystems,theseareverymuchcustomizedsystems.Knowledge
worksystems,arenot general-purposetools for manydifferenttypesof usage.They
generallyneedverypowerfulcomputerhardwareto run. Surroundingequipmentfor
suchsystemsaregenerallyspecialhardwareunlike a sharedprinterin an office.One
commonalitybetweenofficeautomationandknowledgework systemsis thatbothare
mostlythirdpartyproductsdevelopedbyexpertcompaniesandarenotin-housebuilt.
2.7.4ManagementInformationSystems(MIS)
Probablythemostpopularnamein informationsystemsareais themanagement
informationsystemsor otherwiseknownthe MIS. In this study,we arecategorizing
informationsystems into various types according to their architecturesand
functionality.But someresourcesusethenamemanagementinformationsystemsto
coveralldifferentypes.In thisapproach,thenamemanagementinformationsystems
replacesthegeneralterminformationsystems.Someotherresourcescall it business
informationsystems.We will usethenamemanagementinformationsystemsandwe
willdistinguishMIS fromothertypes.Thedatabasedevelopmentmodelandcasestudy
giveninthisstudywill basedona managementinformationsystemsexercise.
GordonDavis describesmanagementsystemsas an integrated,user-machine
systemformprovidinginformationto supportoperations,managementanalysisand
decisionmakingfunctionsin an organization.The systemutilizescomputerhardware
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andsoftware;manualprocedures;modelsfor analysis,planning,control,anddecision
making;anda database.24
The descriptionof Davis puts emphasison three aspectsof management
informationsystems:decisionsupportandplanning,operationsmanagementandday-
to-dayactivities,databasecomponent.Consideringthe decisionsupportsystemsand
executiveinformationsystemmorefor decisionmakingand long termplanningwe
believethatthemanagementinformationsystemsfall moreintotheareaof operations
management.Their mainobjectiveis providinginformation,enablingshort - middle
termplanningfor managers.Databasesare essentialcomponentsof computerized
managementi formationsystems.An effectiveWS cannotbebuiltwithoutviabledata
managementtools.An importantkeyto a successfulWS is theeffectivemanagement
ofanorganization'sdataresources?5
We will describein the section2.8 the interrelationshipbetweenvarious
informationsystemtypes more in detail but as for now, generally,transaction
processingsystemsare themaindataprovidersfor managementinformationsystem.
Transactionaldata provided by TPS are transformedto valuableplanning and
monitoringinformationin WS which thencould as well serveas an inputto more
higherlevel decisionmaking supportsystemslike decisionsupport systemsand
executiveinformationsystems.
A typicalarchitecturefor managementinformationsystemsis givenin Figure
2.11.Thedataflow fromTPS to WS is shownin thefigurewhereTPS is anexternal
butimportantentityfor WS. Reportrepresentanytypeof informationobtainedfrom
MIS.Thesecanbetextreports,graphicaloutputs,etc.Expertsandusersrepresentthe
humancomponentof the WS architecturefor whom the informationsystemsare
developedfor andwho masterthe system.Databasecomponentof the WS will be
discussedin detail in the following chapter.What is moredatabasethemselvesare
complexenoughsystems.Databasemanagementsystemscomposedfromboth,machine
andhumancomponentsare developedto handlethe data backgroundaspectsof
managementi formationsystems,andin factevery,informationsystem.
Day-to-dayreporting and information needs are handled by management
informationsystems.Short-termplanning, historical analysis are possible with
managementi formationsystemsbecauseof theintensivedatacollectionby transaction
processingsystemsatthebackground.
2.7.5DecisionSupportSystems(DSS)
Organisationsdo not only needroutine,day-to-daydatacollectionand reporting
tools(TPS andWS). Theyalsorequiresystemsfor helpingdecisionmaking.Decision
supportsystemsareinteractive,computerbasedfacilitiesfor assistingpeoplemaking
businessdecision.Decisionmakingis notalwaysa routinetask.In factit is moreanad
hocratherthana standardprocess.The differenceof DSS fromTPS andWS is that,
24 GordanB. Davis and Margrethe H. Olson, ManagementInfonnation Systems: Conceptual
Foundations,Structures,andDevelopment,secondedition,McGraw-Hill Book Company,1985
25 EverestGordon c., Database ManagementObjectives, System Function & Administration,
internationalstudentedition,McGraw-Hill BookCompany,p.18,1986
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DSS do not always supportan ongoingprocess.They support the even driven,
opportunityandproblemrelateddecisionmaking.
Transaction
Processing
Systems
Data& Information
MrS
Applications
Reports
Database
Management
Systems
Figure2.11Architectureof ManagementInformation Systems.
Transactionsandregularreportsaremostlystandard,so aretheTPS andMrS.
Butdecisionmakingis not. It is moreflexible,variantandlessstructural.So arethe
decisionsupportsystems.26
Decisionsupportsystemsaremoresophisticated.Theyhavemoremodelingand
analysispowerthanmanagementinformationsystems.TPS andMrS arethe internal
datasourcesfor DSS but externaldatasourcesareutilizedas well. Decisionsupport
systemshaverelativelysmallernumberof users.Strategicdecisionmakers,longterm
plannersarethetwogroupsof usersinDSS area.
A generalarchitectureforDSS is givenin Figure2.12.Herewe haveshownthe
dataflow from TPS andMrS to DSS. Office automationtools are mostlyused in
decisionsupportsystemsbecausethey are flexible for ad hoc reporting,graphical
presentation,documentation.Herelinksto externaldatasourcesandDSS modeldatais
shown.DSScanstoreanduseitsownmodeldata.
2.7.6ExecutiveInformation Systems(EIS)
After seeingso manydifferenttypesof informationsystemsone mayask the
question:"Why wastherea reasonto developedexecutiveinformationsystems?"An
answerto this questioncomes from Watson & Rainer in Floyd Kelly's paper:
"Informationsystemshavelongbeenusedto gatherandstoredata,to producereports
26 KroenkeDavid,ManagementInformationSystems,McGraw-Hill Book Company,p.55,1989
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forworkers,managers.However,seniormanagersrarelyusethesesystemsdirectly,and
oftenfmdthe informationto beof littleusewithouttheabilityto exploreunderlying
details.,,27
This mayexplaintheneedfor executiveinformationsystems.Differing from
MIS andDSS, an executiveinformationsystemis a tool thatprovidesdirecton-line
accesstorelevantinformationin a usefulandnavigableformat.Relevantinformationis
timely,accurateand actionableinformationaboutaspectsof a businessthatare of
particularinteresto theseniormanager.Theusefulandnavigableformatof thesystem
meansthatit is specifically,designedto be usedby individualswith limitedtime,
limitedkeyboardingskillsandlittledirectexperiencewithcomputers.An EIS is easyto
navigateso thatmanagerscan identifybroad strategicissuesand then explorethe
informationto findtherootcausesofthoseissues.28
For executivesto seeissues,executiveinformationsystemsshouldconsolidate,
summarizeandpresentinformationattheveryhighlevelwithintheorganizations.
Figure 2.13 showsa generalarchitectureof executiveinformationsystems.
OAS, IPS, MIS and DSS are informationsystemsproviding data and model to
executiveinformationsystems.Like in decisionsupportsystems,executiveinformation
systemcanbuildandstoretheirownmodeldata.
TPS
Data
Reports
Information
Models
Resnonse
DSS
Applications
External
Systems&
Data
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Data
Figure2.12Architectureof DecisionSupportSystems.
27 KellyFloyd, Implementingan EIS (ExecutiveInformationSystem),EIS References,(Watson &
Rainer,1991),URL: http://www.ceoreview.com/papers/eis.htm
28Ibid.
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2.8InterrelationshipbetweenInformationSystemsTypes
The final sectionof this chapteris abouttheinterrelationshipbetweenvarious
informationsystemtypeswe haveseensofar.In DSS andEIS wehaveshownthelinks
toothertypesof informationsystemswheredatafromothertypeswereusedby DSS
andEIS. To havea completepictureof informationsystemswe haveputthemtogether
andshowntheirdataflow relationship.
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Data
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Data
Figure2.13Architectureof ExecutiveInformation Systems.
Figure2.14 showsthedatadependencyand flow betweenTPS, OAS, KWS,
MIS, DSS andEIS. This relationshipdoesnot alwaysexist. What is more,not all
differenttypesof informationsystemsco-existin everyenvironment.But sincewe are
interestedintheratherwiderandfull picturethanto somespecificcases,wehavegiven
allpossiblelinksandco-existence.As wemovefromTPS to EIS, in thegivensequence
above,outputsaremoreandmoreconsolidated.The databackgroundbecomesmore
complexanddatacomesfromvarioussources.
As we havementionedin theprevioussections,informationsystemsarealso
communicatingtothirdpartypackagesandexternalsystems.For thesimplicitywehave
notgiventheselink in Figure2.14.
We also think that KWS are differentin naturefrom the other information
systemtypes.Becausetheyaremorefor engineering,designandscientificareas,the
usualdatalink betweenthemandothertypeswouldnot necessarilyexist.We assume
thereis actuallya humanentitybetweenthe KWS and othertypes.Furthermorewe
assumethattheflow of datafrom/toKWS andMIS or DSS is throughthehumanentity
whatwecallasamoremanualink
26
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Chapter3
DATABASES AND INFORMATION SYSTEMS IN
ORGANIZATIONS
3.1IntroductionTo DatabaseSystems
Organizationsand peopleusedataasa valuableresource for manykind of
businessactivitieseveryday. Data is organized,stored,processedas part of these
activities.Informationsystems,are developedfor processingdata and generating
valuableresultsfor differentlevelswithin the organization.Databasesystemsare
utilizedto handlethe datacomponentin this overall pictureof organizationsand
informationsystems.
In thischapterwewill studyvariousdatabaseanddatabasemanagementconcept
anddiscusstheorganizationalrelationshipsbetweeninformationsystemsanddatabases.
Wewill givedefinitionsfromvarioussourcesto understandthevariouscomponentsof
databaseystems.
3.1.1Definitions
Oneof themajorentitiesin theoverallinformationsystemsarchitecturesarethe
databasesystems.Modem informationsystemsare developedalong with the
sophisticateddatabasesarchitecturesand databasemanagementsystems(DBMS).
DBMS haveevolvedalongwith thedevelopmentsin the computertechnology,thus
supportingthedatarequirementsof organizationsandinformationsystemswithin the
organizationsmoreefficiently.Today,morethanatanyprevioustime,thesuccessof an
organizationdependson its ability to acquireaccurateand timelydata about its
operations,to managethis data effectively,and use it to analyzeand guide its
activities.28
The major part of our work in this thesis well be a relationaldatabase
developmentprocessfor a managementinformationsystemmodel.And in thischapter
wewillfIrstdiscussthedatabasesanddatabasemanagementsystemstheoryasabaseto
ourpracticalworkinthefollowingchapters.SomedifferentdefInitionsof databasesand
databasemanagementsystemsaregivenbelow.
A databaseis a collectionof data,typicallydescribingtheactivitiesof oneor
morerelatedorganizations.For example,a university databasemight contain
informationabout entities such as students,faculty, courses and classroom;
relationshipsbetweenentities,suchasstudentsenrolmentsin courses,facultyteaching
coursesandtheuseof classroomsfor courses.A databasemanagementsystems,or
DBMS, isa softwaredesignedto assistin maintainingandutilizinglargecollectionsof
28 RamakrishnanRaghu,GehrkeJohannes,DatabaseManagementSystems,SecondEdition,McGraw-
HillHigherEducation,p.3,2000.
Databaseprocessingrequiresthe databasemanagementsystem[DBMS} to
providean interfacebetweenapplicationprogramsand theseon-linedatabasetables
containinguser-data. These DBMS are sold as packages developedby large
experiencedsoftwarefirms suchas Oracle,IBM, Sybase,andMicrosoft.Theymaybe
classifiedas a HorizontalApplicationSoftwarePackages,but someexpertswould
insteadclassifya DBMS asa systemsutilityprogram.A modernDBMS is a bitof both;
itprovidesgeneralutilityservicesandalsoassistsinprovidingapplicationsupportfor
awidevarietyof commercialpurposes.,,33
A very good representationof DBMS internal structure is given by
RamakrishnandGehrke.This representationis basedon therelationalmodelwhich
wewill be using in this thesisfor the databasedevelopment.Figure 3.1 Showsthe
structureof a relationalDBMS. The givenstructurein theFigure3.1 includesmore
recenttechnologiessuchasWEB aswell astheclassicalfront-endandstructuredquery
language(SQL) interfaces.Thesearein factnota partof theDBMS internalstructure
butwehaveincludedthemfor thecompletenessof thepicture.
Externalentitiesshownasapplicationfrontend,world-wide-web(WWW) front
endareforbusinessexpertsandusers,whowecancall asthenon-technicalusers.SQL
toolsand interfacesare for technicalusers such as systemdevelopers,database
administrators,systemprogrammers.
SQL toolsandfront-endspassSQL commandsto theDBMS. DBMS produces
queryexecutionplans,executestheseplansagainsthedatabaseandreturnstheresults.
Whentriggered,SQL queriesareparsedandpresentedto thequeryoptimiser.Query
optimiserusestheinformationhow thedatais storedandproducesefficientexecution
plans.Executionplanis thekeyforevaluatinga queryandis generallyrepresentedasa
treeofrelationaloperators.
Diskspacemanageris responsibleforkeepingtrackof availablediskspace.The
codethatimplementstheoperatorsitsontopof thefile andaccessmethodslayer.File
andaccessmethodslayerincludessoftwarefor supportingthefiles,whicharecollection
ofpagesorcollectionof records.File managerissuesrequeststothediskspacemanager
toobtainandrelinquishspaceon disk.The file andaccessmethodslayer requestsand
freesdiskspaceinunitsofa page.Thesizeof thesepagesis aDBMS parameter.Buffer
managerb ingspagesfromthediskintothemainmemory.
DBMS supportsconcurrencycontrolby using a transactionmanagerandlock
manager.Transactionmanagerensuresthat transactionsrequestand releaselocks
accordingto a protocol.It alsoschedulestheexecutionof transactions.Lock manager
organisesandkeepstracksof lockrequestsandimplementsthelocksin thedatabaseon
theobjects.Recoverymanageris responsiblefor maintaininga log andrestoringthe
systemto a consistentstateaftera crashsituation.For creatingtheiroperationalogs,
diskspacemanager,buffermanagerandfiles andaccessmethodslayercommunicate
withtherecoverymanagerandconcurrencycontrol.
Wewill notpresentanyfurtherdetailon theinternalarchitectureof DBMS. The
33TopicsReadingonDatabaseManagementSystemsby A.A. Verstraete,Revised:May 22,1998,URL:
http://misweb.smeal.psu.eduJdatabase/
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studyinthisthesishasthescopeof informationsystemsanddatabases.
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Figure3.1Structureof a DBMS.
3.2Evolutionof DatabaseSystems:From File Organisationsto Databases
Databasesweredevelopedto solvetheproblemsandlimitationsof file systems
whichwerepainfulplatformsto dodevelopment,to maintainanduse.Programmersand
userswerelimitedwith the file structureson developingbusinessapplicationand
informationsystems.Today,thanksto themodemdatabasesystems,organisationscan
developandmakeuseof highlysophisticatedinformationsystemssupportedby strong
DBMS.
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Traditionalfile structuresandapplicationdevelopmentenvironmentsforcedthe
developmenttaskto focuson applicationsandtheprocesses,thusdefiningdatawithin
individualprogramswhichfurthermoreintroducedmanykindsof otherproblems.Each
timeanapplicationis be developed,theproblemof dataneededto be addressedand
solvedall over again. Some of the commonproblemswith using files can be
summarisedin a fewpointsgivenbelow:
• Dataintegrityproblemsandredundancy.
• Datainconsistencyintroducedbymultiplecopiesof samedata.
• Inflexibilityand limitedsharingof databecauseof applicationdependency.
• Poordevelopmentefficiency.
• Maintenancedifficultiesanddatadependencyofprograrns.
Wecanin factaddmoreitemsto thisabove.To solvesomeof theseproblems
withinthe file structures,developershave tried to sharedata amongthe various
applicationsby applyingsometechniques.This wasanapproachto try to minimisethe
redundancyproblem,but in factthisrequiredexcessivephysicaldatatransfersbetween
applicationsanddatastorage.Consideringthelimitednetworking,storagecapacityand
computationpower in the daysof file usage,the datatransferwas not be alwaysa
possibilityandanefficientsolution.
Theearliestdatabasesystemsresearchwerebasedon thehierarchicalmethod.
Thesewerean extensionof COBOL file systems.To providemore flexibleaccess,
thesesystemswere extendedto networkdatabases.Following this, the relational
databaseapproachemergedandbecamethedominantandmostcommontypeavailable.
Recentlyobject-orientedapproachhas been developedwhich is an extensionof
relationalmodelin somecasesanda verymuchdifferentarchitecturein others.34The
overallobject-orientedapproachis still evolvingandis still farawayfromthepointof
replacingthedatabasesystemsdevelopedbeforeit.
The early programminglanguagesCOBOL and FORTRAN becamethe
foundationof creatingenterpriseinformationsystems.To operate,thesesystems,data
wasrequiredto be storedsomewhere.In 1964GeneralElectric developedthe first
commercialdatabasemanagementsystemcalledIDS - IntegratedData source.This
wasbasedontheearlynetworkdatamodeldevelopedby C. W. Bachman.IBM and
NorthAmericanAviation (Rockwell International) developedMIS - Information
ManagementSystemand its LanguageDL/1 as the first commercialhierarchical
DBMS.
In 1970Edgar F. Codd publishedan articlewhich offereda fundamentally
differentapproach.Coddsuggestedthatall datain a databasecouldberepresentedasa
tabularstructure(tableswith columnsandrows, whichhe calledrelations)andthat
theserelationscouldbe accessedusing a high-levelnon-procedural(or declarative)
language.Insteadof writing algorithmsto accessdata,this approachonly neededa
predicatethatidentifiedthedesiredrecordsor combinationof records.This wouldlead
34 PostV. Gerald,DatabaseManagementSystems,DesigningandBuildingBusinessApplications,Irwin
McGraw-Hili,p.1S, 1999
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to higherprogrammerproductivity.And in the beginningof the 1980sseveral
RelationalDBMS (RDBMS) productsemerged(Oracle,Informix,IngresandDB2).35
In the early-mid1980sresearchstartedon anothertype of database.This
researchwasamongotherthings,motivatedbytheneedof a databasesystemcapableof
handlingcomplexobjectsandstructureslike thoseusedin CAD systemsandCASE
systems36.To accomplishtheseobjectivesthedatabasebadto beableto storeclasses,
objects,objectsassociationsandmethods.Thus,theobject-orientedDBMS (OODBMS)
emerged.In thelate1980sand1990sseveralvendorshavedevelopedOODBMSs.
Duringthe sameperiod,the relationaldatabasesalreadyhad its standard- SQL-92,
defmedby its ANSI committeeandISO. And so did thenetworkdatabasevendorsas
well; CODASYL (Conferenceon Data SystemsLanguagesdefinedin 1986by the
ANSI X3H2 committee).
In Table3.1thehistoricaldevelopmentsandmilestonesin thedatabasesystems
aregiven.Nowadays,relationaldatabasesystemsarethemostcommonlyusedandvery
muchstandardisedsystemsin technologicalterms.Strongproductsareavailablein the
market.Parallelto thisanotherdevelopingareaaretheobject-orientedatabases.But
despitetheresearchandnewdevelopmentsintheobject-orientedatabases,theylackof
widelyestablishedstandardsandfoundations.
Thedatabasedevelopmentworkinthisthesisis basedontherelationalmodel.
Today,thefeaturesandperformanceof thedatabasesystemsarebiggerthen
ever.Increasingcomputingandcommunicationpowerprovidinga platformfor more
sophisticatedatabasemanagementsystemsand databasedevelopmentools, thus
enablingbusinesspeople and developersto concentratemore on the real life
requirementsandsolutions.Someof themainfeaturesandsolutionsdatabasesystems
providecanbelistedasbelow, Databasesystems:
• reducedataredundancy:datais moreconsistentsinceonly one masterversion
existsforanygivendataentity.
• improvedata integrity:data is more likely to be accurateand up-to-date,and
availablewhenit is needed.Dataqualitystandardscanbeenforcedandsecurityand
privacyofthe dataismoreeasilyguarded.
• enabledataindependence:dataandprogramsarenotdependentoeachother.Data
canthereforebereorganizedwithoutrevisingtheprograms(Providedthat"good"
programmingtechniquesareapplied).Programscanbewrittenor revisedwithout
reorganizingthedata
All thesefeaturesenablethedevelopmentof morebusiness-orientedsystems.
Changingrolesin thedevelopmentprocesscreatenewinterfacesbetweenthebusiness
expertsanddevelopers.Databaseadministrationin the organisationsis becominga
35 CoddE F., 1970,A RelationalModel for Large SharedDatabanks,Commtmicationsof theACM,
Volume13,Number6,p.377-390,Jlll1e1970.
36 ZdonikS.,WhatMakesObject-OrientedDatabaseManagementSystemsDifferent,Advancesin
Object-OrientedDatabaseSystems,NATO ASI Series,SeriesF: ComputerandSystemScience,Vol.
130,3-26,SpringerVerlag,BerlinHeidelbergNew York, 1994
moreandmorerequiredrole,whichnotonlydemandsjust technicalknowledgebutalso
a concentrationon businessfunctionsof theorganisations.We will discussvarious
componentof a databasesystemin theorganisationlaterin thischapter.
Table3.1Evolutionof DatabaseSystems
DatabaseSystem/ DBMS
1961: IntegratedDataSource(IDS)
1968:InformationManagement
System(IMS)
SABRESystem
1970:EdgarCodd- TheRelational
DatabaseModelandSQL.
1980-1990:DB2, ORACLE,
INFORMIX, SYBASE)
1990- 2000:ObjectOriented
Databases,WWW architectures.
Description
• The fIrst generalpurposeDBMS system.
Developedby CharlesBachmanat General
Electricin early1960s.
• Formedthe basisfor Networkdatamode
(standardisedby the Conferenceon Data
SystemLanguages- CODASYL)
• DevelopedbyIBM in late1960s.
• This IS still being used ill some
orgarrisations.
• BasedontheHierarchicaldatamodel.
• Developedfor makingairline reservation
by American Airline and IBM in late
1960s.
• In 1970,Coddin IBM's SanJoseResearch
Centreproposedtherelationaldatamodel.
• This enabledrapid developmentof many
DBMS systemsbased on the relational
model.
• In 1980'sthe relationalmodelbecamethe
dominantandmostcommonlyused.
• SQL querylanguagebecamethe standard
aspartofIBM's SystemR Project.(1980)
• Researchon powerfulquerylanguageand
richerdatamodels.
• Specialisedsystemsaredeveloped.
• Relationaldatamodelusedin management
resource planning (MRP), enterprise
resourceplanning(ERP) systems
• A newandstillevolvingmethod.
• Less common, foundationsstill being
established.
• Not standardisedasrelationalmodel.
• All databasevendorsare addinginternet
featuresto theirDBMS to makeit suitable
for systemsdevelopedfor internet.
3.3Componentsof DatabaseSystemsin Organisations.
Databasesystemsin organisationsconsistof variouscomponentsincludingboth
humancomponentsandmachine/softwarecomponents.A databasesystem,(in fact,
consideringthe in modemdayswe could say multipledatabasesystems)are at the
centreof thedataprocessingin organisations.Databasesystemsurroundedby various
typeof informationsystems,applications,tools,processes,peopleandthe information
needsof real life environment,The scenedescribedaboveis a very muchaliveand
ever-changing,evolvingscene.Processes,businessruleschangeandsodotheDatabase
systemsanddataprocessingtool.
In Figure3.2,ahighlevelrelationshipdiagrambetweendifferententitiesof data
processingin organisationsi given.
BusinessRules
andProcesses
Organisational
Databases
Information
System
Information
System
Business
Experts
Developers
Figure3.2RelationshipsBetweenEntitiesin DataProcessingin Organisations
BusinessrulesandproceduresaretheformaldefInitionsof how thebusinessis
conducted,how processesare executed.Theserulesand proceduresare defmedby
businessexpertsandmanagedby the andmanagers.Businessexpertshavea role in
informationsystemsdevelopmentas well, by providing businessproblemsand
proposalsfor solutionsduringtheanalysisanddevelopmentof informationsystems
withintheorganisation.The rules andprocessesalso defInethe way databasesare
organisedanddatais maintained.Data is administratedby databaseadministrators.
Informationsystems,processthedataandgenerateresultsfor businessproblems.This
wholesetofrelationshipswithinanorganisationdefinestheoveralldataprocessingand
informationmanagement.Dottedlinesrepresentthehumanprocessesinteraction.
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Figure 3.2 is just one'way of puttingvariouscomponentsand relationships
together.Somemayarguethat,thecentrepieceof all theseareactuallybusinessrules
andprocesseswhichdrivetherest.This wouldbeanequallyvaliddefinition.But our
aimhereis to presenttherelationshipsin an organisationsfrom a databasepoint of
viewand we like to emphasisethe importanceof data and databases uch that
everybodyelseneedsandusesthem.
Regardlessof an organisationstructure,whethermatrix,or pyramidal,where
operationalctivitiesareatthebottom,managementplanningandcontrolactivitiesin
themiddle,andstrategicplanningin top,corporatedatabases- includingall databases
inanorganisation- containdata,relatingto theorganisation;its operations,its plans,
anditsenvironment.Varioustypesof informationsystemsareput in placeto access,
process,andreportdataandgenerateinformationfortheorganisationandits functions.
DatabaseAdministrator (DBA):
As describedearlier,databasesystemhavehumanandmachinecomponents.On
oftheessentialhumancomponentsof a databasesystemsis thedatabaseadministrator
(DBA).The DBA mustbe an analystanddesignerand not just an implementation
technician.DBA musthavetheabilityof problemsolvingandguidanceto information
systemsdesigner.The typicalrolesof aDBA canbelistedas:
• Defme,acquireandretiredataaccordingtothebusinessneeds.
• Providetoolsfor developersandusersto accessthedatabase,generateresults.
• Assistusersandinformationsystemdevelopersinplanningandusingdataresources
anddatabasemanagementtools
• Maintainand manageday-to-daydatabasefunctionssuch as backup,security,
integrityandstandards.
• Monitordaily operationsand take necessaryactionsfor increasingefficiency,
security.Finetunethedatabasesystemto makeit moreefficientfor theusersand
developers.
• Giveinputat the analysisand designphasesof informationsystems.Carry-out
databaseimplementations.
:DatabaseManagementSystem(DBMS):
We have describedthe DBMS in Section 3.1.1 in detail.Along with the
functionsalreadydescribed,DBMS is essentially,a setof programsutilities,procedures
tomanagethedatabaseanddata.It is alsoatoolfor theDBA to administerthedatabase
system.DBMS providestoolsandmethodstoaccessdatabyapplicationsandusers.
DBMS selectionis a criticaltask fortechnicaldecisionmakersin organisations.
In1986,EverestlooselyestimatedthenumberofDBMSs developedasover600in the
past25years.(Everest1986).Consideringtheaccelerationin thecomputerhardware
andsoftwaretechnologyand the increaseof computer usagein organisationsince
1986,thisnumbercanbeeasilybeseenasdoubledor tripled.In selectinga DBMS, an
organisationshouldunderstandits own dataprocessingrequirementsandenvironment.
Requiredfunctionalcapabilitieshouldbe listedandverifiedto makesuretheDBMS
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selectedis a suitableone for thebusinessfunctions.Businessdataload,datavolume
andgeographicalfactsaretheothercriteriafor selectingaDBMS.
BusinessData:
A commercialdatabasemanagementsystemcanexistsin manyorganisations.
Forexample,anORACLE databasecanbepurchasedby manyorganisationsandused.
Manyof thetools, functionsof the DBMS would be very muchthe samein every
organisationpurchasedit. But, on theotherhand,businessdatais theonecomponent
whichis almost uniqueto each organisation.Business data consist of in-house
developeduserdatabases,tablesand relatedprograms.The reasonto usea database
systemis actuallystoreandprocessthebusinessdataaccumulatedalongwith thedaily
operationsof business.Thebusinessdatais themostcriticalandvaluablecomponentof
adatabaseystem.It is thebusinessdatafeedingintotheinformationsystemsenabling
peopleto conducttheirfunctions.Businessdatacannotbe purchased.It canonly be
produced.Businessdatahas to be maintainedsafely, structurallyby the database
managementsystem.. Overheaddataor systemdata(metadata: dataaboutdata)is
invisibletotheusersandis mostlyirrelevanto theactualbusiness.Thebusinessdata,
databases,schemas,tables,proceduresdevelopedby thepeopleof anorganisationare
intellectualpropertiesof commoneffortbetweenvariousparties.
Figure3.3showstherelationshipbetweenDBA, DBMS andtheBusinessdata
(database).Wehavealsoshowntheinformationsystemandtoolsin thefigure.
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Figure3.3Relationshipsin DatabaseSystems.
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Usersinteractwiththedatabasevia informationsystems,usertoolsfor dataaccessand
developmentand programmerstools andtools providedby the DBMS. DBA is in
chargeof settingnecessaryplatforms,grantingaccessrightsandmonitoringtheprocess.
DBA alsousestheDBMS tools for administrativepurposes.DBMS providesa layer
betweenthe raw datain the databaseand users.DBMS is a machineprocessthat
enablesandcontrolsthedatatrafficbetweentheusersandthedatabase.TheDBMS has
multiplecomponentsdescribedearlier,todotheautomatictasks.
3.4Typesof DatabasesandDatabaseManagementSystems
Throughouttheevolutionof databasesystemsvariousarchitectureshavebeen
developedand implemented.As history of evolution shows, different database
managementsystemshavebeendevelopedduringdifferenttimes,andthesehaveall
differentcapabilitiesregardingorganizationandmodelingof dataandaccessto data.37
Theearliestof thesewerethehierarchicaldatabases,followedby networkdatabases,
relationaldatabasesandtherelativelynewconceptobjectorienteddatabases.
In this sectionwe will briefly discussthe hierarchical,network and object
orientedatabasesbutgo into moredetailof relationaldatabases.We will leavethe
relationaldatabasesto aseparatesectionattheendof thischapter.
3.4.1HierarchicalDatabases
Hierarchicaldatabasesaretheearliestdatabasesystems.As thenamesuggests,
hierarchicaldatabasesusethehierarchicaldatamodelfor structuringthedata,assuming
thatbusinessdataoftenshowsa hierarchicalnature.The bestwayof understandinga
hierarchicaldata structureis to pictureanupsidedowntreewhichconstructsaparent-
childrelationshipbetweenrecordstypes.These record types definea hierarchical
schema.Theparent-child relationshipenforcesthata child recordcanhaveonlyand
onlyoneparentrecordwhereastheparentrecordcanhavemultiplechildrecordsin the
hierarchicalschema.Theparentrecordlinkstothechildrecordsviapointers.Figure3.4
showsasimplehierarchicaldatabase(schematree)wheretherootrecordis thestarting
pointo getto a low level recordin the hierarchicalschema.The propertiesof a
hierarchicalschemamustobeythefollowingrules:
Therootrecord-typecannotbea childof anyrecordtypein theparent-child
relationship.
Everyrecordtype- excepttheroot participatesas a child recordtypein
exactlyoneparent-childrelationship.
A givenrecordtypecanparticipateastheparentrecordtypein anynumber
ofparent-childrelationship.
A leafis defmedas a recordtypewhich doesnotparticipateas a parentin
anyparent-childrelationship.
37 DanielsenAsbjron, TheEvolutionOf DataModelsAndApproachesTo PersistenceIn Database
Systems,M Sc.Essay,Universityof Oslo,Departmentof Informatics,1998.
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An examplehierarchicaldatabaseschemais givenin Figure3.5.This schemais
designedto representa universitydatabasewheredifferent courses thoughtin the
departmentsandstudentsenrolledto differentcourses.Each departmenthasalsostaff
members.Departmentshaveclassroomswherethecoursesareassignedto. The record
typesandthefields in eachof themaregivenin thefigure.
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Figure3.4A HierarchicalDatabase(SchemaTree).
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COURSE
~NAME
STUDENT
~I NAME IYEAR I
Figure3.5An ExampleHierarchicalDatabase.
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Hierarchicalmodelemploystwo maindatastructuringconcepts:recordsand
parent-childrelationship.A record is a collection of field values (i.e. the
DEPARTMENT field valuesin Figure 3.5 are valuesfor ID, NAME, HEAD) that
provideinformationonanentityorarelationshipinstance.
Recordsof thesametypeare groupedintorecordtypes.A recordtypeis a given
name,andits structureis defmedby a collectionof namedfieldsor dataitems.Each
fieldhasacertaintype,suchasinteger,realor string.38
A parent-childrelationshipin hierarchicaldatabasesis a one -to-many
relationshipwherea parentrecordtypeinstancehasmultiplechild recordtypes.The
parent-childrelationshipin a hierarchicaldatabaseis generallyshownby listingthe
pairof parentandchild recordtype)in parenthesis.In Figure3.5 two of the parent-
childrelationshipsare(DEPARTMENT, STAFF); (DEPARTMENT-CLASSROOM).
Hierarchicaldatabasescan be very useful for someapplicationssuchas the
functionalmappingbetweenparentandchildrenandthehierarchicalstructure,whereas
othersposerestriction.We cannothavedanglingchildrenunconnectedto aparent.If a
parentis deleted,somustbeall its children.While thehierarchicalmodelcanbevery
suitablefor someapplicationssuch as organisationalstructuresand partsexplosion
relationship(bill of materials),it canbe too restrictivefor someothers.39 The main
areaswherethehierarchicalmodelhasproblemsare,on many-to-manyrelationships,
caseswherea recordtypeis thechild of multipleparentandn-aryrelationshipswith
morethantwoparticipatingrelationships.
3.4.2NetworkDatabases
As mentionedin Section3.2 C. W. Bachmandevelopedthe first commercial
networkdatabasemanagementsystemcalledthe IDS - IntegratedData Store.The
networkdatabasearrangesits data as a directedgraphand has its own standard
navigationlanguage,called DBTG. The nodesin thenetworkdatabaserepresenthe
recordtypesand the arch betweenthe nodesrepresenthe relationships.Network
databasesallow a given node to have more than one arc, each for a different
relationship.This featuredoesnotexistsin hierarchicaldatabaseswherea parentnode
canonlyhaveonearcto link to itschild.
Thenetworkmodelis verysimilartothehierarchicalmodelactually.In fact,the
hierarchicalmodelis asubsetof thenetworkmodeLHowever,insteadof usinga single-
parenttreehierarchy,thenetworkmodelusessettheoryto providea tree-likehierarchy
withtheexceptionthatchild tableswereallowedto havemorethanoneparent.This
allowedthenetworkmodelto supportmany-to-manyrelationships.Visually,a network
databaselookslike a hierarchicaldatabasein thatyou can seeit as a typeof tree.
However,in thecaseof a networkdatabase,thelook is morelike severaltreeswhich
sharebranches.Thus,childrencanhavemultipleparentsandparentscanhavemultiple
38 ElrnasriR., NavatheS., Fundamentalsof DatabaseSystems,2nd Edition,The Benjamin / Cummins
PublishingCompany,p.344,1994
39 OzkarahanEsen,DatabaseManagement.Concepts,Design andPractice,Prentice-HallInternational
Editions,p.25,1990
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Thenetworkdatabasesoffersanefficientaccess-pathto its dataandis capable
torepresentalmostanyinformationalstructurecontainingsimpletypes(e.g.integers,
floats,stringsandcharacters).This is accomplishedusingdifferentkindsof mapping
mechanismscalledsets.A setis a containerof pointersidentifyingwhich setsof data
canbe reachedfrom the currentrecord.Three setsare definedby the CODASYL
standard- singular/systemsets,multimembersetsandrecursivesets.Using thesesets,
thedatabasedesignerandprogrammermayrepresentandnavigateon one-to-one,one-
to-many,andmany-to-manyrelationships.To beableto dothis,theprogrammerhasto
knowthephysicalrepresentationof thedatabaseandaccessthedatabaseusinga low-
levelnavigationallanguage(Bachman1973).This approachto DBMS is moreflexible
thanthehierarchicalapproach,but still the programmerhas to know the physical
representationf datato be able to accessit, and accordinglyapplicationsusing a
networkdatabasehastobechangedeverytimethestructureof thedatabasechanges.41
Network databaseswere designedand implementedto solve someof the
difficultiesandproblemsof hierarchicaldatabases.Hierarchicaldatabasewould not
allowtheexistenceof many-to-manyrelationshipswithoutduplicationsof recordtypes.
Networkdatabasescan representmany-to-manyrelationships.Data redundancyis
anotherproblemof hierarchicaldatabases,thatnetworkdatabasesolve.
A simplenetworkdatabasearchitectureandBachmanDiagramfor a car-hire
networkdatabaseis given in Figure 3.6. In Figure 3.7, the many-to-manymapping
betweenrecordtypesis shown.Figure3.8 showstheschemadatadefinitionlan~uage
(DDL)forrecordtypesandFigure3.9showstheDLL forrelationshipsdatabase.4
Datadefinitionlanguagenablestoperformthefollowingtasksona schema:
• Create,alter,anddropschemaobjects.
• Grantandrevokeprivilegesandroles.
• Analyzeinformationona table,index,or cluster.
• Establishauditingoptions.
• Addcommentstothedatadictionary.
In Figure 3.6, the many-to-manyrelationshipbetweenowner and member
recordtypes(i.e.MECHANIC andCAR, CAR andCUSTOMER) areconstructedby
insertinglinkrecordtypesbetweenthem.Theselink recordtypesareSERVICES and
HIRING.The many-to-manyfunctionalmappingbetweenMECHANIC and CAR is
constructedby settinga one-to-manymappingbetweenMECHANIC andSERVICES
andaone-to-manymappingbetweenCAR andSERVICES. Similarapproachis used
forCARandIDRING, CUSTOMER andIDRING functionalmappings,whichenables
themany-to-manyfunctionalmappingbetweenCAR andCUSTOMER recordtypes.
40 Sol Selena,Network Databases,Web Developers Virtual Library, 16 August 1998, URL:
ttp://www.stars.com!Authoring/DBI
41 DanielsenAsbjmn, The Evolution Of Data Models And ApproachesTo PersistenceIn Database
Systems,M Sc.Essay,Universityof Oslo,DepartmentofInformatics,1998.
42 Universityof Wolverhampton,The School of Computing and InformationTechnology(SCIT),
eNOl I DatabaseConceptsandTechniques,URL: http://scitsc.wlv.ac.uk/
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Depot
Depot-Cars
Figure3.6.BachmanDiagramFor Car-Hire Network Database.
To summarisethecharacteristicsof thenetworkdatabasesfollowingrulescan
begiven:
• Theremustbe a one-to-manyrelationshipbetweenpairs of recordtypes(nodes)
relatedwithrespectoanowner-with-memberrelationship.
• A givenownerinstancemustpossesauniquesetof memberinstances
• A givenrecordtypecannotbebothownerandmemberof thesamesettype.
A networkdatabasehasthefollowingconstructs:
• Ownerecordtypes.
• Memberrecordtypes.
• Settypesrelatingownerandmemberecordtypes.
CUSTOMER CUSTOMERARCUSTOMER
one iCustomer-l
Car-l-to- !
manyVmany-to-many Customer-2
-2HIRING
mappmg
Customer-3
3
Customer-4
4one
CAR CAR
many-to-many
networkschema
databaseinstances many-to-many
networkschema
withHIRING
Figure3.7Many-to-ManyMapping BetweenRecordTypes.
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3.4.3Object-OrientedDatabases
- You know my methods,Watson.Apply them.(Arthur Conan Doyle, The
MemoriesofSherlockHolmes).
In thissectionwe will describetheobject-orientedapproachandobjectoriented
databasemanagementsystemswithoutgoingintomuchdetail.We will presentvarious
definitionsfor object-oriented esign,programmingand databasesfrom different
sources.
Sommervilledefinesobject-orientedesignas: "Object-orienteddesign is a
designstrategybasedon informationhiding.It differsfromthefunctionalapproachto
designin thatit viewsa softwaresystemasa setof interactingobjects,with theirown
privatestateratherthanas a setof functionsthatsharea globalstate.Sincethe late
1980s,objectorienteddesignhas beenwidely publicizedand adopted.Outsidethe
businessystemsdomain,it is perhapsthe pre-dominantdesignstrategyfor new
softwaresystems.,,43
Anotherdefmitionforobject-orientedesignis givenas:The foundationof theobject-
orientedapproachlies in encapsulationwhichenablesrestrictingtheeffectsof change
onsoftware,andinheritance,whichallowsclasses(i.e.,types)topasspropertiesto each
other.A classis a setof object,i.e., a typein databases.An object,thereforeis an
instantof aclasssimilarto anentitybeinginstanceof anentitysetor typein traditional
databases.A methodis a partof an object'sproperties(i.e., behavior)thatdescribes
howtheobjectcarriesoutitsoperations.44
Thecharacteristicsof anobject-orientedesigncanbesummarizedas:
• Objectsareabstractionof realworldhavingtheirprivatestatesandofferingservice
tootherobjectstoachievethegoalsof theoverallsystem.
• Objectsareindependententitiesandcanbemodifiedindependentlysincethestate
andrepresentationinformationiskeptwithinthem.
• No shareddataexistsin objectsorienteddesign. Objectscommunicatethrough
callingeachotherservices.
Fromtheearlyhierarchicalandnetworkdatabasesto morerecentwell-establish
andstandardizedrelationaldatabasesystems,organizationsusedmoreandmorethe
databasetechnologiesto conductbusiness.Eventhoughtherelationaldatabasemodelis
sowidespreadandstandardized,specialtypesof operationsin daily life madeit clear
thatitwasnotsufficiento modeltheneedsof businessesandorganizations.Specially,
scientificmodeling,designand manufacturingareas,dealingwith geometricobjects
withtwoor threedimensions,roboticsand automationmadethis very muchclear.
Anotherrequirementemergedfor new datatypesand structures,which are different
thentheexistingtraditionaldatastructures.For example,computeraideddesignand
modeling(CAD/CAM), documentmanagementor multi-mediarepositoriesaresomeof
theareasrequiringspecializeddatastructuresanddatahandling.
43 SommervilleIan, SoftwareEngineering, Fifth Edition, Addison-Wesley Publishing Company,
~248,1996
OzkarahanEsen,DatabaseManagement.Concepts,DesignandPractice,Prentice-HallInternational
Editions,p.264,1990
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SCHEMA NAME IS CAR·HIRE·DAT ABASE;
PRIVACY LOCK FOR LOCKS IS LOCK·LOCK;
PRIVACY LOCK FOR DISPLAY IS DISP·SCHEMA-LOCK;
PRIVACY LOCK FOR INCLUSION IS INCL-SCHEMA-LOCK;
PRIVACY LOCK FOR ALTER IS AL TER-SCHEMA-LOCK.
AREA NAME IS CAR-AREA;
PRIVACY LOCK FOR RETRIEV AL IS AREA-READ-LOCK;
PRIV ACY LOCK FOR UPDATE IS AREA- WRITE-LOCK.
RECORD NAME IS DEPOT;
LOCATION MODE IS CALC USING DEPOT-NAME
DUPLICATES ARE NOT ALLOWED;
PRIVACY LOCK FOR STORE IS DEPOT-ADO-LOCK;
PRIVACY LOCK FOR DELETE IS DEPOT-DEL-LOCK.
OIDEPOT-REC.
02 DEPOT-NAME;
02 DEPOT-ADDRESS;
RECORD NAME IS CAR;
LOCATION MODE IS CALC USING CAR-REG
DUPLICATES ARE NOT ALLOWED.
01 CAR-REC.
02 CAR-REG;
02 CAR-MAKER;
02 TYPE-0F-CAR;
02 CAPACITY;
02 YEARS-0LD;
RECORD NAME IS HIRERS;
LOCATION MODE IS CALC USING HIRER-NO
DUPLICATES ARE NOT ALLOWED.
01HIRER-REC.
02 HIRER-NO; PICTURE '9(6)'.
02 HIRER-NAME; PICTURE 'A(20)';
PRIVACY LOCK FOR GET IS CUST-NAME·GET-LOCK.
02 HIRER-ADDRESS; PICTURE 'A(32)';
PRIVACY LOCK FOR GET IS CUST-ADDRESS-GET-LOCK.
RECORD NAME IS HIRINGS;
LOCATION MODE IS VIA CAR-HlRINGS SET.
01HlRING-REC.
02 HIRE-DATE;
02 HIRE· TIME;
02 HIRE-LENGTH;
RECORDNAME IS SERVICES;
LOCATION MODE IS VIA CAR-SERVICES SET.
01 SERVICE-REC.
02 SERVICE-CODE;
02 SERVICE-DATE;
02 MILES-CLOCKED;
RECORDNAME IS MECHANIC;
LOCATION MODE IS CALC USING MECH-NO
DUPLICATES ARE NOT ALLOWED.
01MECH·REC.
02MECHNO;
02 MECH-NAME;
02MECH-ADDRESS;
Figure3.8RecordTypeDefinitionsFor Car-Hire Database.
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SET NAME IS DEPOT-CARS;
ORDER IS SORTED;
PRIVACY LOCK FOR INSERT IS CAR-INSERT-LOCK;
PRIVACY LOCK FOR REMOVE IS CAR-DELETE-LOCK;
OWNER IS DEPOT.
MEMBER IS CAR MANDATORY AUTOMATIC;
ASCENDING KEY IS CAR-REG DUPLICATES ARE NOT ALLOWED;
SET OCCURRENCE SELECTION IS THRU LOCATION MODE OF OWNER.
SET NAME IS CAR-HIRINGS;
ORDER IS SORTED;
OWNER IS CAR.
MEMBER IS HIRINGS MANDATORY AUTOMATIC;
ASCENDING KEY IS HIRE-DATE,HIRE-TIME DUPLICATES ARE NOT ALLOWED;
SEARCH KEY IS HIRE-DATE DUPLICATES ARE ALLOWED;
SET OCCURRENCE SELECTION IS THRU LOCATION MODE OF OWNER.
SETNAME IS HIRER-DETAILS;
ORDER IS SORTED;
OWNER IS HIRERS.
MEMBER IS HIRlNGS MANDATORY AUTOMATIC LINKED TO OWNER;
ASCENDING KEY IS HIRE-DATE,HIRE-TIME DUPLICATES ARE NOT ALLOWED;
SET OCCURRENCE SELECTION IS THRU LOCATION MODE OF OWNER.
SETNAME IS CAR-SERVICES;
ORDER IS SORTED;
OWNER IS CAR.
MEMBER IS SERVICES MANDATORY AUTOMATIC LINKED TO OWNER;
ASCENDING KEY IS SERVICE-DATE DUPLICATES ARE LAST ALLOWED;
SET OCCURRENCE SELECTION IS THRU LOCATION MODE OF OWNER.
SETNAME IS MECH-SER VICES;
ORDER IS SORTED;
OWNER IS MECHANIC.
MEMBER IS SERVICES MANDATORY AUTOMATIC LINKED TO OWNER;
ASCENDING KEY IS SERVICE-DATE DUPLICATES ARE LAST ALLOWED;
SET OCCURRENCE SELECTION IS THRU LOCATION MODE OF OWNER.
SETNAME IS MECHANICS;
ORDER IS SORTED;
PRIVACY LOCK FOR FIND IS MECH-L1ST-LOCK;
PRIVACY LOCK FOR REST IS MECH-UPDATE-LOCK;
OWNER IS SYSTEM.
MEMBER IS MECHANIC MANDATORY AUTOMATIC;
ASCENDING KEY IS MECH-NO DUPLICATES ARE NOT ALLOWED.
ENDSCHEMA.
Figure3.9RelationshipDefinitionsFor Car-Hire Database.
Object-orienteddatabaseis a newandevolvingmethodof organizingdata45to
fulfilltherequirementsof organizationsand people. To understandthedifferences
betweena traditional(relational)andobject-orientedatabaseswe needto consider
variouscharacteristicsof bothandcomparethemto observehow theyeffectthewhole
databased velopmentandmanagementprocesses.
Ozkarahanidentifiesthemaindifferencebetweentraditionalandobject-oriented
databasesasthepassiveandactivebehaviorof theunderlyingsystemandthewaythese
areimplemented.Accordingto this definition,traditionaldatabasesarepassiveand
object-orienteddatabasesare active.Data in traditionalsystemsare accessedby the
4S PostGeraldV., DatabaseManagementSystems,DesigningandBuildingBusinessApplications,Irwin
McGraw-Hill,p.l?, 1999
45
applicationprogramvia DBMS, storedin theprogramsdatastructures,processesto
producerequiredoutputsandresultsare[mallywrittenback to thepassivedatabase.
Heretheactivecomponentis the applicationprogramand not the database.In the
object-orienteddatabase,thedatabasecontainsobjectsthataremadeup frompassive
dataandactiveproceduresto reflectthebehaviorof theobject. A mechanicarmof
robotforexample,containsbothdataandprogramsthattogethercomposetherobotarm
objectandits behavior(i.e. movements).Figure3.10showshow the traditionaland
object-orientedatabasesdiffer from each other in the way describedabove.
Applicationlogicin object-orientedatabasesi passedto thedatabaseinsteadof being
developedin theapplicationprogram.The analogyhereis, just like DBMS tookover
thedetailsthatthehadto worryaboutin file systems,theobject-orientedatabasestake
overthedetailsof modelingandimplementingreal-lifeobjectsfromtraditionalDBMS.
Object-databasesystemshavebeendevelopedinto two differentcategories:
Object-relationaldatabasesandobject-orientedatabases.Object- relationaldatabases
areextensionto therelationaldatabaseswhich combinessomeof theobject-oriented
featureswiththeexistingrelational.Theseextendedfeatureswill bebrieflypresentedin
thefollowingsection.
3.4.3.1Object-RelationalDatabases
Thereis an increasingneedto storeandmanipulatecomplexdatain relational
databases.Complexdatais imminentnotonly in multimediaapplicationsfor theWeb,
butalsoinspecializedapplicationdomainssuchasmedicalcare(includingX-rays,MRI
imaging,andEKG traces);geographical,space,andexplorationsystems(suchasmaps,
seismicdata,and satelliteimages);and evenfinancialsystems(such as time series
data).46
The Object-relationaldatabases(ORDBMS) arean extension to the existing
RDBMS,whichincludessomeof thefeaturesof object-orientedarchitecture,in other
wordsORDBMS encapsulatessomefeaturesintoanRDBMS, creatinganORDBMS.
ORDBMSaddnewobjectstoragecapabilitiesto therelationalsystemsatthecoreof
moderninformationsystems.Thesenewfacilitiesintegratemanagementof traditional
fieldedata,complexobjectssuchastime-seriesandgeospatialdataanddiversebinary
mediasuchasaudio,video,images,andapplets.By encapsulatingmethodswith data
structures,anORDBMS servercanexecutecomplexanalyticalanddatamanipulation
operationstosearchandtransformmultimediandothercomplexobjects.
As an evolutionarytechnology,the object-relational(OR) approachhas
inheritedtherobusttransaction-andperformance-managementfeaturesof itsrelational
ancestorandtheflexibilityof its object-orientedcousin.Databasedesignerscanwork
withfamiliartabularstructuresanddatadefinitionlanguages(DDL) while assimilating
newobject-managementpossibilities.Query and procedural languagesand call
interfacesin ORDBMSs arefamiliar:SQL3, vendorproceduralanguages,andODBC,
andproprietarycall interfacesareall extensionsof RDBMS languagesandinterfaces.
TheleadingvendorsinthemarketforORDBMS areIBM, Informix,andOracle.47
46 RennhackkampMartin, ExtendingRelationalDBMSs, DBMS, Volume 10, Number 13, December
1997,p.45
47 GrimesSet,ModelingObject/RelationalDatabases,DBMS, Volume II, Number4, April 1998,p.51
46
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Figure3.10DifferenceBetweenTraditional and Object-OrientedDatabases.
Object-relationaldatabasesorganize informationin the familiar relational
tabularstructures.In fact, object-relationalimplementationsubsumethe relational
databasemodel.ORDBMSs arean incrementalupgradeto theirRDBMS predecessors,
and,unlikethemoveto objectdatabasesystems,object-relationalmigrationwill not
necessarilyentailwholesalerecording.
As we definedbefore;thetraditionalRDBMS areextendedto includeobject-
orientedconceptsandstructuresuchas abstractdatatypes,nestedtablesandvarying
arrays.In ORACLE termsthesearedefmedasfollowing:
AbstractDatatypes
Abstractdatatypesare datatypes,thatconsistsof oneor moresubtypes.Rather
thanbeingconstrainedto thestandardDBMS datatypeslikeNUMBER, DATE/TIME,
CHAR, abstractdatatypescan more accuratelydescribethe data For examplean
abstractdatatypeforprojectmaycontainthefollowingfields(columns):
NAME
STARTDATE
ENDDATE
MANAGER
BUDGET
VARCHAR(50)
DATE
DATE
VARCHAR(25)
NUMBER(11,2)
47
Whencreatinga tablethatusesprojectinformation,a columnshouldbe createdthat
usestheabstractdatatypeforprojects.48
NestedTables
A nestedtableis a tablewithina table.A nestedtableis a collectionof rows,
representedasa columnwithinthemaintable.For eachrecordwithinthemaintable,
thenestedtablemaycontainmultiplerows.This canbeseenasstoringa one-to-many
relationshipn atable.49
Varying Arrays
A varyingarrayis like a nestedtable,a collection.A varyingarrayis a set
objectseachwiththesamedatatype,thatcanbesetwhilecreatingthearray
LargeObjects
A largeobjectis capableof storinglargevolumesof data.Largeobjectscanbe
indatatypesof binary,character.TheseobjectscanstoreG-bytesof datain onesingle
fieldofthetable.Storingpicturesof studentsin studentableasabinarylargeobjectis
anexamplefortheusageoflargeobjects.
3.4.3.2Object-OrientedDatabases
Object-orientedatabasesystemsareproposedas an alternativeto relational
systemsandareaimedat applicationdomainswherecomplexobjectsplaya central
role.Theapproachis heavilyinfluencedbyobject-orientedprogramminglanguagesand
canbeunderstoodasanattempto addDBMS functionalityto aprogramminglanguage
environment.so
In anOODBMS anythingrepresentedasanobject,or partof anobject,maybe
storedinthedatabase,regardlessof type.All DBMSs, exceptheORDBMSs, areonly
abletohandlesimpletypesandin somecasessimpleobjects(e.g.BinaryLargeObjects
- BLOB)or collections.The ORDBMS datamodeldefmeslimitationsto its abilityto
modeldatadueto itsorganizationof tables.TheOODBMSs lackacommondata-model
likethe ORDBMS/RDBMS and some consider this a major weaknessof the
OODBMSsuponit fromadifferentperspective- OODBMSs arenewandonlyresearch
intotheareawill givetheanswer.
Onethingisfor sure:OODBMS hasstill a longwayto gofor fully replacingthe
existingRDBMS andORDBMS, whichareusedverywidespreadin organizationsas
thedatasourcefor informationsystems.Computingis becomingobject-oriented.But
traditionalinformationsystemsand dataprocessingmethods,databasesystems,legacy
systemcontinuetheirexistenceand servethe organizationsas theydid in thepast.
OODBMSdoesnot look like to takeovertheworld in theverynearfuture.As King
48 LooneyK.,KochGeorge,Oracle8i, TheCompleteReference,OraclePress,2000,p.73.
49 Ibid,p.74.
so RamakrishnanR, GehrkeJ, DatabaseManagementSystems,McGraw-Hili Higher Education,2000,
p.736.
48
describes;"Like winemakers,databasemanagementpeopledon'tfavor pouring old
wineinto newbottles.Call themconservative,but giventhe massof datastoredin
existingrelationaland mainframedatabases,the tendencyis to look askanceevenat
newdatagoing into newtypesof containers.That, in a metaphoricnutshell,is the
situationfaced by object-orientedatabasemanagementsystems(OODBMSs)as they
seektobecomemainstreamproducts."SI
3.5RelationalDatabases
3.5.1Historyin Brief
Before the relationaldatabasesemerged,IBM had alreadydevelopedits
hierarchicaldatabaseproductIMS in 1968,CharlesBachmandevelopedCODASYL-
basednetworkmodelproductIDS in GeneralElectric(1961).
Whileall thesewerehappening,at leastoneresearcherat IBM wasdissatisfied
withboththeCODASYL productsandIBM's databasepackage.EdgarF. (Ted)Codd,
anOxford-trainedmathematician,joinedIBM in 1949and latermovedto IBM - San
Jose.Coddfoundexistingandnewdatabasetechnologiesduringthistimeas"takingthe
old-lineviewthattheburdenoffinding informationshouldbeplacedon users"[In this
view,thedatabasemanagementsystemJ shouldonlyrecognizesimplecommandsandit
wouldbeupto theuserstoput togetherappropriatecommandsfor finding whatwas
needed"S2
Withthedissatisfactionof theexistingproducts,Coddproducedsometechnical
reportsinIBM, followedby hismilestonepaper"A RelationalModelof DataforLarge
SharedDataBanks",wherehe outlinedthe relationalapproachto organizedatain
databases.Therelationalmodelconsistedof:
• Independenceof datafrommachine(hardware)andstorageimplementations
• High-levelnon-procedurallanguageforaccessingdata.
Coddsummarizedtherelationalmodelin his abstractas"Futureusersof large
databanksmustbeprotectedfrom havingto knowhow thedata is organizedin the
machine(the internal representation).A prompting service which suppliessuch
informationis nota satisfactorysolution.Activitiesof usersat terminalsand most
applicationprogramsshouldremainunaffectedwhenthe internalrepresentationof
datais changedand evenwhen someaspectsof the externalrepresentationare
changed.Changesin datarepresentationwill oftenbeneededas'a resultof changesin
query,update,and report traffic and natural growth in the types of stored
information.,,53
II King NelsonH., ObjectDBMSs : Now or Never,DBMS Online,Volume 10,Number8, July 1997,
p:.62.
2TheRiseofRelationalDatabases,FundingaRevolution:GovernmentSupportfor ComputingResearch,
NationalResearchCouncil Report,National AcademyPress, Washington,D.C. 1999, Part-II Case
StudiesinComputingResearch.
l3 Codd,E. F.,A RelationalModelof Datafor LargeSharedDataBanks,Communicationsof theACM
(CACM),Volume13,Number6, June 1970,p.377-387.
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In thesamepaper,Codd,thendescribestheadvantagesof relationalmodelover
thehierarchicalandnetworkmodes:"Therelationalview(ormodel)of datadescribed
{inSection1J appearstobesuperiorin severalrespectstothegraphor networkmodel
presentlyin voguefor non-inferentialsystems.It providesa meansof describingdata
withitsnaturalstructureonly-- thatis,withoutsuperimposinganyadditionalstructure
for machinerepresentationposes.Accordingly,itprovidesa basisfor a high leveldata
languagewhichwill yield maximalindependencebetweenprogramson theonehand
andmachinerepresentationandorganizationof dataontheother.
A further advantageof therelationalviewis thatit forms a soundbasisfor
treatingderivability,redundancy,andconsistencyof relations.Thenetworkmodel,on
theotherhand,hasspawneda numberof confusions,nottheleastof whichis mistaking
thederivationof connectionsfor thederivationofrelations.
Finally, therelationalviewpermitsa clearerevaluationof thescopeandlogical
limitationsof presentformatteddatasystems,and also therelativemerits(froma
logicalstandpoint)of competingrepresentationsof data within a single system.
Examplesof this clearer perspectiveare cited in various parts of this paper.
Implementationsof systemstosupportherelationalmodelarenotdiscussed." 54
While all thesewerehappening,IBM hadalreadywentfurtherwith IMS. The
companyhasalreadymadefmancialinvestmentson IMS. Coddhadto provein many
platformshis ideaof relationalmodelandconvincepeoplethatit wouldbe a success,
bothtechnicallyandcommercially.After Codd publishedhis paperopenly.IBM had
declaredIMS as sole productand criticizedCodd as actingagainstthe company
objectives.Codd, arrangeda meetingwith CODASYL supporterCharlesBachman.
Thiswasfollowed by twoprojectsin 1970,to implementrelationalmethod.The first
projectwas within IBM and was calledthe SystemR. The secondproject,Ingres,
startedatDC-Berkeleyandwas foundedby NationalScienceFoundation(NSF) and
military.
In 1990,in his book,Codddefinedtheimportanceof thedatabasemanagement
systemsas : "Today,if you havea well-designeddatabasemanagementsystem,you
havethekeysto thekingdomof dataprocessinganddecisionsUpport.,,55Therelational
modelof Coddis basedonthemathematicaltheoryof relations.Therelationalmodelis
simpleandelegant,whereadatabaseis definedasthesetof relationsanda relationis a
tablewithrowsandcolumns.Therelationalmodelenablestheusageof SQL for data
querymg.
Relationalmodelhasvariouspropertiesandconceptswe will bedefiningin the
followingsectionandgointomoredetailof relationaldesignconceptsandtopics.
3.5.2Definitions
Relation:
14 Ibid.
IICoddE. F, TheRelationalModelfor DatabaseManagement:Version2, Addison-WesleyPublishing
Company,1990.
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Relationalmodelis basedon themathematicaltheoryof relations.In mathematical
tenns,arelationis definedas:
GivensetsSI, S2,..., Sn (notnecessarilydistinct),R is a relationon thesen sets
if it is a setof n-tuples,thefirstcomponentof which is drawnfromtheSI, thesecond
componentfromS2,andso on. R is a subsetof Cartesianproduct SI x S2X .•. X Sn'
RelationR hereis thedegreeof n.Eachof thesetsSI, S2,..., Snonwhicha relationis
definedis calledadomain.Wewill studydomainslaterin thischapterin moredetail.
A relationR of thedegreenthathasthefollowingattributes:
AttributeAl gettingitsvaluesfrom DI
AttributeA2gettingitsvaluesfrom D2,
AttributeAn gettingitsvaluesfrom Dn,
whereDI, D2,..., Dn aredomains;therelationR is shownas
R(AI A2 ... An) giventhatdomainsarelistedseperately.
The ordering of AI, A2,... An is not of any significancein the theory. The
mathematicalre ationis a set with specialproperties.All of its elementsare tuples.
Theseareallof thesametype.Thetuplesarenotof anyparticularorder;therelationis
anunorderedset.This is juts whatis neededfor commercialdatabases,sincemanyof
therelationsin suchdatabasesareeachlikelyto havethousandsof tuples,sometimes
millions56.Consideringlargedatabasesin organizationstoday,evenmillionsof tuples
inarelationis nota imaginarylargenumber.Ordering,sorting,numberingaddressing
tuplesinthestorageis nottheaimof therelationalmodel,whichalsoavoidsto givethe
taskof orderingof tuplesto the users.The relationaldatabasesmodel follows the
mathematicalversionveryclosely. Physicallyasa table,a relationR hasthefollowing
distinctiveproperties.
A tupleisrepresentedbyeachrow.
Theorderof therowsinR arenotrelevant.
Contentof eachrowsaredistinctformeachother,theyarenotthesame.
Table3.2liststheRelationsin MathematicsversusRelationsin theRelational
Model.57•Theatomicvaluemeansthat,eachvalueis indivisiblein therelationalmodel.
Anotherdefinitionof relationcanbegivenas:
A relationr of therelationschemaR(AI, A2,..., An), alsodenotedby r(R), is a
setofn-tuples,r =(tl,h, ...tn). Eachn-tuplet is anorderedlistof n values.t = <VI,V2,
... , Vn), whereeachvalueVi 1<=i <=n, is anelementof domainAi, or is speciallynull
value.
l6 Ibid, p.2
l7 Ibid, pA
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A relationschemaR, denotedbyR(AI, A2, ••. , An)is madeupof relationnameR
anda list of attributesAI, A2, •.. , An. Each attributeAj, is thenameof a role some
playedbysomedomainD intherelationschemaR. D is thedomainof Aj•DomainD is
representedasdom(Aj).
The main constructto representdata in relationalmodel is a relation.A
relationaldatabaseis a collectionof relations.Relationsareliketables,havingcolumns
(attributes,fields),androws(tuples,records).Relationshaveuniquenames.A sample
relationis shownin Figure3.11,where columnsandrows andmulti-dimensionalset
structureoftherelationis described.
In theFigure3.11we havea multi-setcollectionwhichmakesup therelation.
Thereis thesetof tuples(row),setof columns(attribute)valueswithin eachcolumn
andfinally setof tuplevalueswithin eachtuple.Thesesetsare shownas A, B, C
respectively,in thefigure.
A relationaldatabaseis a collectionof relationswithuniqueanddistinctnames.
A relationaldatabaseschemais the collectionsof schemasfor the relationsin the
database.
Table3.2Relationsin MathematicsVersusRelationsin theRelationalModel
Mathematics
Unconstrainedvalues
Columnsnotnamed
Columnsdistinguishedfrom eachother
by position
Normallyconstant
Domain:
RelationalModel
AtomicValues
Columnsnamed
Columnsdistinguishedfromeachotherand
fromdomainsbyname
Normallyvarieswithtime
A relationalschemaR, denotedby R(AI, A2, .•• , An), is madeup of a relation
nameR anda list of attributesAI, A2, .•. , An. Each attribute~ is thenameof a role
playedbysomedomainD, in therelationalschemaR. D is calledthedomainof Ai and
isrepresentedbydom(A) .
A relationschemadefIDesthedomainof eachfieldor columnin therelation.A
domainis referredto in arelationschemaby thedomainname.DomainD is thesetof
atomicvalues,whichare indivisiblewithin eachdomain.A domaindefIDestherules
andpossiblevaluesfor eachcolumnin the relation.The valuesthat appearin the
columnmustbedrawnfromthedomainassociatedwiththatcolumn.This is essentially
definingthedatatypeofthe field.Domainscanbesometimesveryusefulto implement.
Domainshaveto bedefIDedwithanameandatypeof data.
A reallife exampleof domainusageandbenefitsaregivenbelow:
Twelvecountriesin EuropeanUnion have initiatedthe conversionto single
currency(euro).Theconversionwill happenduring thelast weekof December-200]
andthefirstweekof January-2002.Organizations,governmentshaveto converttheir
databasesfrom theirlocal currencyamountsto euroamountsaccordingto thegiven
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conversionratio. For exampletheconversionratiofor Irish Punt is 0.787564,i.e. 1
Euro=0.787564Irish Punts.
In addition to many technicaldifficulties,one problem is to identify the
monetaryfields withintheorganizationsdatabases.In our case,Organizationhas a
relationaldatabasesystemand monetaryfields are definedas NUMBER(11,2), i.e.
fieldtypeis numberwithprecision(integer)9 andscale(decimal)2positions.Butthis
is notenoughtoquicklysaythateveryNUMBER(11,2)field is monetary.Someof them
canberates,unitsorpercentages(i.e.14.50%)or anyothernumericbutnon-monetary
fields.
TheDomainusageherebecomesverymuchimportantto categorizenumeric
fieldsintobusinessdomains.
Relation:STUDENT
SID NAME FACULTYNODOB
3456
Joe Murray12312/01/1972
897
H lenSherlock7 5 0
16 5
Mick Reid 12
020
Sande pAhuja3401 7 68
4 4
amhO'Malley50 6 9
Columns(Fields,Attributes)
SetofTupleValues(C)
Names
Tuples
(recordsrows)
Setof Columns(B)
SetofTuples(A)
Figure3.11Relation.
TaketherelationMEMBER havingthelistedfields anddomaindeclarations.A
member,thesalaryof thememberand monthlypensioncontributionsin 3 categories
aregiveninthisrelation.
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- MEMBERID
- SALARY
- CONTRIBUTION 1
- CONTRIBUTION2
- CONTRIBUTION3
:D STRING
:D MONETARY
:D MONETARY
: D PERCENTAGE
:D MONETARY
Whenthegivendomainsaredefinedas
- D STRING
- D MONETARY
- D PERCENTAGE
: STRING 5
:NUMBER 11,2
:NUMBER 11,2
it will imply that MEMBERID is STRING type, SALARY, CONTRIBUTIONl,
CONTRIBUTION3 are NUMBER type but within the monetarydomain and
CONTRIBUTION2 is NUMBER typeas wellbutwithinthepercentagedomainwhich
clearlydistinguishesmonetaryandnon-monetaryfields.
Giventhedefinitionof domain,wecanrestatethedefinitionof a relationwithin
thecontextof domain:
A relationr(R) is a subsetof theCartesianproductof thedomainsthatdefineR
r(R)~(dom(A1) x dom(A2)x ... x dom(An) ). The Cartesianproductdefinesall
possiblecombinationsof valuesfromthedomains.No valuecanexistsin therelation
whichisnotdrawnfortheunderlyingdomain.
Codd,definedvariouspracticalreasonsfor relationalDBMS to supportthe
conceptof domains,as he statesthat ''full supportfor manyof thefeaturedof the
relationalmodeldependsonfull supportof thedomainconcept." Thesereasonsare
listedinTable3.3asa summary.
Degree,Cardinality:
The degree(arity)of a relationis the numberof fields in the relation.The
cardinalityof a relationinstance,is thenumberof tuples(setof tuplevalues)in the
relationi stance.TheSTUDENT relationin Figure3.11hascardinality5 anddegree4.
SuperKey
Superkeyof relationR(AI, A2, ..., An) isthesetof attributesA ~ R withtherule
thatnotwotuplestl andt2in anylegalrelationr onR havethepropertytl[A] =t2[A].
A keyK isa superkeywiththerulethatremovalof anyattributefromK will
causeitnottobeasuperkeyanymore.Key is minimalasa differencefromsuperkey.
54
Given theEMPLOYEE relationwith attributes(EID, NAME, BIRTH-DATE,
SALARY) , {EID} is a key. {EID, NAME} and {EID, NAME, BIRTH-DATE} are
superkey.
Table3.3PracticalReasonsfor SupportingDomains.
Reason Description
Integrity
Singlemostimportantconceptin determiningwhetheragiven
relationaldatabaseis integrated.No relationis permittedfroma non-existingdom in.DataType
By defIningthedat typesof domainsonlypermittedatatypescan
eclaration
b us dinthecolum s.Stan ardisationof a specifIc can
beachieved.Dom in
R quiredd dom inintegrityis to b supported.Domainintegrityco istsof t sein egrityc n a nt hatare har dby all he
colum sth drawtheirvaluesfromth td main.Frequentlyappliedd mai constrain are:Regula atatypes,Valu rang sallowed,whe herornotord r gfunctions«,» areap licableothev luesa -
Protec usersfromcos lyop r io sof c m a isonbetween
c nst ined
semant callynon-com ar blev lue .
Oper ors Transa tion
It is n ces aryt supportd m i s orderto supportr nsactions
Suppor
tha gle utall cu r of somev ue.
Us -defmed
Enab s rst def ecust isei t grit ch cksf h v lu s.If
Int g ityChecks
valuesin lu Cl haveto s b-s tof colu nC2the it is
qu r haveth dom insd fmedfor C1 ndC2 whic n bltheu er-d fmedconstraintto work.rtfor
r yk y,f r ig key,unionc mpatibility,efer nti l
efinitions
a dco s rai ts
Na ing
Whenformi gRUNION T s xecu , sr qui tthedegree
C rrespon enc
ofR is equ re fT a d h r xis son -t - mapping f
f rUNION
t colu sof nto olum s fT su hth tt twocolumnsof
o i n
eachpairb ngi g th ma p gh veac m do in.
P rfo ma
D n are for e f ma c f th data asby
supp rtingd m inbasedi d xe .Dom inbasedindexis a singlind x hecombinatioof ll columnsthatdrawth irv luesfort dom i .Once uch nindexis de m d n wcolumnintroducedtheda ab s w ll u m icallyexp n thedom nba ed dex.
3.5.3Constrainsin RelationalModel
Whenconsideringconstraints,wehaveto thinkof theimportanceof preserving
theaccuracyof datain organizationaldatabases.Every day, critical or non-critical
decisionsaremadein organizations,basedon the resultsof variousquerieson the
databasesor outputsof informationsystemsthatgeneratereportsfor users.Garbage
datawill producegarbageoutputwhichmayleadto garbagedecision.The database
thereforeisonlygoodandreliableif thestoreddatais goodandreliable.In theprevious
sectionwehavediscussedthebusinessdataasoneof themostimportantcomponentof
aDBMS.Soit isuptotheDBMS anddatabasemodelto makesurethebusinessdatais
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validandcorrectat anygivenmoment.To achievethis relationaldatabasemodelhas
someintegrityconstraints.
An integrityconstraintis a conditionthatis specifiedona databaseschema,and
restrictsthedatathatcanbestoredin aninstanceof thedatabase.If a databaseinstance
satisfiesall the integrityconstraintspecifiedon the databaseschema,it is a legal
instance.A DBMS enforcesintegrityconstraints,in thatit permitsonly legalinstances
tobestoredinthedatabase.58
The relationalmodelhasthepreventiveapproachin maintainingthe integrity
andaccuracy,whichmeansthatillegal instancesarenot permittedat first place.The
oppositetothispreventiveapproachwouldbein theorythecorrective,whichwouldbe
lettingthe illegal instancesexistsbut enablingthe usersor DBA to correctthem
Integrityconstraintscannotbeplacedandexecutedin theusertoolsandapplications
connectingto thedatabase.It mustbea centralizedtaskwheretherecannotbeanyby-
pass.
Constraintsthatapplyin everyrelationaldatabasearetheentityintegrity,such
thatnoprimarykeyor foreignkey is allowedto havea missingvalue andreferential
integrity,suchthatfor eachdistinctforeign-keyvaluein relationaldatabase,theremust
existin thedatabasean equalvalueof a primarykey from thesamedomain.If the
foreignkeyis a compositekey,thecomponentsthatareforeignkeysthemselves,must
existsin thedatabaseAs componentsof at leastoneprimarykey valuefromthesame
domain.In thefollowingsectiondifferentypesof constraintsarediscussed.Theseare-
additionalto entityintegrityandreferentialintegrityconstraints-domainconstraints,
keyconstraints,foreignkeyconstraintsanduserconstraints
Codd, has a differentway of categorizingthe variousconstraints.In his
categorizationhehasthefollowingtypesof constraintsD-TYPE, DomainConstraints;
C-TYPE, ColumnIntegrity;E-TYPE, EntityIntegrity;R-TYPE, ReferentialIntegrity;
V-TYPE, UserdefmedIntegrity.Thesearetheso-calledCURED constraints(CURED
composedof thefirstlettersofthe fivetypes)
3.5.3.1DomainConstraints
A givenvaluefor anattributeA mustbeanatomicvaluefromthedomainof A
(dom(A)).The typeof theattributeA mustalso follow the defineddomaintype it
drawsitsvaluesfrom. Normallydomainsdata-typesaredefinedasthestandardstypes
suchas Integer,String,Real etc. Any violation to the domainconstraintis not
permitted.An applicationprogramviolatingthisconstraintwill bereturnedbyanerror
codefromDBMS which will be indicatingthatthe specificcommandgivenby the
applicationisnotexecuted.This is anerrorsituationwherethefront-endapplicationhas
tonormallya way of interpretingthe error code from the DBMS and generatea
understandable,us r-friendlymessageor logfortheusers,speciallyfor onlinefront-end
applications.
58 RamakrishnanR, GehrkeJ, DatabaseManagementSystems,McGraw-Hill Higher Education,p.56,
2000
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PHONE
7042020
7043239
7032929
7052101
7032001
7042921
DOB
13/08/1945
04/10/1950
01/06/1965
19/05/1072
12/03/1967
04/02/1975
LNAME
Reid
Murra
Sherlock
Soa
Whelan
Bala'ee
len
AME
ck
LOYEE Relation.
amne
tara'
raints
d the superkey of the relationschemaR. Superkeyis the set of
ainsa key.A key uniquelyidentifIesa tuple.A superkeycanhave
s buta keycannot.GivenkeyK of arelationschemaR is a superkey
ionalpropertythatremovinganyattributeA fromK leavesa setof
s nota superkeyof R. A keyis a minimalsuperkey;a superkeyfrom
emoveanyattributesandstill havetheuniqueness.
defInedbefore,in arelationcomposedof tuples,eachtuplemustbe
tuplescan be thesame.Thereareothersubsetsof attributesof a
with thepropertythatno two tuplesin anyrelationinstancer of R
amecombinationof valuesfor theseattributes.If a suchsubsetof
ed as SK, thenfor anytwo distincttuplest1 andt2in a relation,
havetheconstrainthat
SK]
belowis akeyEMPLOYEE.
examinethe key constraints,we havethe sampleEMPLOYEE
3.12wherewehavesamesampletuplesandattributes.Set{EID}is a
YEE becausenotwoemployeetuplescanhavethesamedatavaluefor
of attributes,for example{EID, FNAME, LNAME, DOB}which
s set of attributesis a superkey.This superkeyis not a key for
ewhenremovingFNAME, LNAME, or DOB or allof themfromthe
hinda superkey.A relationmayhavemultiplekeys,whicharecalled
. Oneof thecandidatekeysis designedto betheprimarykeywhich
s intherelation,
A goodpracticeof systemdevelopmentis to be ableto minimizethedomain
intof theiroccurrence,i.e.controlthembeforetheycanoccur.This
ntradictionto whatwehavestatedin Section3.5.4butit is in factnot
atabasecolumncanonly accepta setof numbers,for examplethe
mployeescannotbelessthen16,thenit is alwaysa goodpracticeto
ctiontonumberswhicharegreaterthan16.
violationsatthepo
maysoundasa cosuch.If a givendpossiblege of elimitthe ntrysele
3.5.3.2Key Const
As wehave
unique,i.e.n tworelati nschemaRshouldhavethesattributesi den tinstancr ofR, w
t1[SK]:;th[Here,SK is calle
t tcond nta tributeofR witht addiK1 h twh c wecannotr
To further
relationinFig rek yforEMPLOEID. Take scon ai sBID. ThiMPLOYEE, i ctle vestillbt did tk ysid nti i sh tupl
EMPLOYEE
EID
FN
1226
Mi
35
Joe
5
H
50034
GrNa
igure3.12EMP
et{EID}listed
EID
1226355-<
1500
3400
Set{EID}
FNAME, LNAME, DOB} listed below is a superkeybut not a key for
E. WhenremovingtheFNAME, LNAME, DOB or all of them,we still get
FNAME LNAMEDOB
Mick
Reid13/08/1945
Joe
Murra04/10/ 50
H len
She lock1 6 6Set{EID,FNAME,
Joe
oa9 5 072LNAME ,DaB}
Grainne
Whel n2 3 7
Natara
Bala'ee2
ignKey Constraints
e caseswherethe informationstoredin a relationis linked(via a foreign
herinformationstoredin anotherrelationwe haveto considerthe foreign
mtwhichenablestheDBMS to checkandensuretheconsistencyof thedata
multiplerelations.In Figure3.13,wehaveanadditionalrelation,WORKING
the EMPLOYEE relationwhere WORKING has the attributes,PID,
D. To ensuretheconsistencyof thedata,wehaveto makesurethatthe£ID
WORKING tuplesmustalsoappearin theEID attributeof sometuplesof
E. Here,the£ID in WORKING relationis a foreignkey andrefersto the
E relation,wheretheEID isaprimarykey.
EMPLOYEE
"--v-----'
Primarykey
EID FNAMELNAMEDOBPHONE
1226
MickReidy13/08/19457042020" 1235Joe Murray04 10 5032395 H lenShe lock1 6 63 9.~ 1500 oap9 5 725 01:.:.a 345Grai neWhel n2 3 7:.:. 2NataraiBalajee2
...•
EID
1345
1200
1500
1235
'--y----I
Foreignkey
RKING
DATE
3/0112001
1/05/2000
1/12/1999
1/0612001
WORKING andEMPLOYEE Relations.
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Insertinga tuple<103,01/10/2001,9999>to WORKING foreignkey constraint
becausethereis no tuplein EMPLOYEE with theprimarykey 9999.If we deletethe
tuple<1500,Joe, Soap, 19/05/1972,7052101>from the EMPLOYEE relation,the
foreignkeyconstraintwill beviolatedbecausethereare stillat leastonetuplereferring
totheonewe aretryingto delete.
3.5.3.4User-definedConstraints
In additionto thepreviouslygivenintegrityconstraints,user-defmedintegrity
constraintsarerequiredfor DBMS to enforcewhich includedifferentorganizational,
legalrulesandgovernmentalregulationsthatcannotbealreadybuilt-into theDBMS
butcanbe defmedby theDBA. User-defmedintegrityconstraintsarecompiledand
enteredtothedatabasecatalog.An exampleof user-definedconstraintscanbegivenas
follows.
Assumetheemployeeswill begivena salaryincreasewhichtheDBMS cannot
controlonhowto setthenewsalaries.Whenthenewsalariesareenteredfroma front-
enduserapplicationorcalculatedandbecomesarowtobecommittedtotakeeffect,the
front-endtool doesnot haveanymorecontrolon it. This is the momentwherethe
DBMStakesactionandcheckthatthenewsalariesarecompliantwith he constraints
defined.Theconstraintconditionsforthiscanbegivenas
Condition1: SALARY NEW <MAX SALARY- -
WhereTITLE CODE =t
Condition2: (SALARY_NEW-SALARY-OLD)«SALARY_OLD x
INC_PERCENT)
WhereTITLE CODE =t
Whentheupdateof salaryis executed,thetestingof theconstraintswill be triggered
andthefollowingactionswill betakenbytheDBMS:
UPDATE SALARY: If Condition1=TRUE ThenACCEPT
UPDATE SALARY: If Condition2=TRUE ThenACCEPT
3.5.4RelationalDatabaseDesignConcepts
In theprevioussectionsof this chapterwe havedescribedvariousaspectsof
relationmodelanddesignconsiderationsthatarenecessaryto implementon designing
relations.The questionsthatstill needto be answeredare:What is a goodrelational
schemanddesign?Is thereany formalway of measuringqualityof the relational
design?
3.5.4.1SchemaRefinementandDecomposition
Informally,wemayaddresssomemeasuresfor high-qualityrelationaldesign.
Thesecanbelistedas:
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Semanticsof the attributes:When we designa relation,we assumethat
certainmeaningsareassignedto therelation.Meaningareassociatedwith
the attributesit holds. The meaning(semantics)identifieswhat sort of
attributevalueswouldbe in therelationandwhatis therelationof attribute
values to oneanother.This is a very muchsubjectiveandcommon-sense
measure.
Reducingthe redundantvaluesin tuples: As describedin this section,
redundancyis theenemyof gooddesignandefficientimplementation
Reducingnull valuesin thetuplesof relations:If manyof theattributesdo
notapplyto thetuplesof a relation,thenwe will end-upwith null values.
Null values are difficult to handleand interpret.Sometimeseven the
meaningof thenull valuemaybe unclear.Is it null becausethe attribute
doesnot applyto this tuple? Is it null becausetheattributeappliesto the
tuplebutthevalueis currentlyunknown? or is it null becausetheattribute
appliestothetuple,thevalueis knowbutnotprocessed(i.e.updated)yet?
Conceptualdatabasedesignprovidesa setof relationalschemasand integrity
constraints.Thesearethedefinitelystart-pointsfor gooddatabasedesignbutarenotthe
onlypointsto considerduringthedesignphase.WhenER designsaretranslatedinto
relationalschemastheseinheritnonethelessredundancyproblemswhich forcesus to
refinetheschemaandeliminatetheseproblems.We can list theproblemscausedby
redundancyasfollows.
UpdateProblems:Multiplecopiesof storeddatahastheproblemof updating
eachcopy correctlyand hasa big risk of inconsistencyafter the update
operation.
InsertionProblem:It maynotbe possibleto insertdataunlesssomeother
datahastobeinsertedaswell.
DeletionProblems:It maybe impossibleto deletea datawithoutloosing
someotherrequiredinformation.
Storageredundancy:Wasteof storage.Consideringthecheapavailabilityof
storagemedia in the moderndays still does not justify the storage
redundancy,sincethis hasalsoaneffecton theoverallperformanceof the
databasesystem.
Manyreallife redundantdesigncasestodayexistin someorganizationsbecause
of lackof understandingof the importanceof thesubjector lack of qualitymeasures
andauditondesigns.Productionsupport,dataverificationbecomeeasilyoverwhelming
taskswhichcould be in fact minimizedwhen redundancyis takencare of. Many
businessu erssufferfromtheinconsistencyof multipleinstancesof thesamedatain
thedatabasesandrequiretechnicalsupportfromdevelopersor databaseadministrators
whenprocessingthedata.Thetoolsandthedatabaseatthebackgroundbecomeseasily
astrugglefortheuserstoachievebusinessobjectivesandperformrequiredtasks.
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For the purposeof examiningthe problemsaboveand discussthe schema
refinementanddecompositionwewill workonthefollowingexample:
The relationis defmedas belowwith thegivenattributeswherethekey is the
EID (employeeid). The DAILY-SALARY is defmedby RATING. For a given
RATING valuethereis a defmedDAILY-SALARY figure.
SALARY (SSN,NAME, RATING, DAILY-SALARY, D-WORKED)
Figure3.14 showsthe populatedrelationof SALARY relationon which we will
examinevariousredundancyrelatedissues.Samevalueof RATING attributewill lead
tothesamevalueof DAILY-SALARY attribute.Informationin this case is stored
multipletimes,whereRATING value8 andDAILY-SALARY 100arerepeated3times
intherelation.Similarcaseis valid forRATING value6andDAILY-SALARY 75
SALARY
EID NAME RATINGDAILY-SALARYD-WORKED
1226
MickReidy 8100 5
35
Joe urray
5
HelenSherlock675 4
500
Soap
34
Grai neWhelan3atarajB lajee55
Figure3.14SALARY Relation.
wheretherepetitionis twice.Ifwe planupdatetheDAILY-WAGES for thefirsttuple,
wheretheRATING 8 will now define125insteadof 100,we cannotdo thiswithout
updatingthesecondandfirthtuplesaswell. This is anupdateproblemin therelation.
Wecannotadd a new tuple to the relationwithout giving the new RATING and
correspondingDAILY-SALARY. Thisatypicalinsertionproblemin therelation.Ifwe
deletethetuplefor theemployeeNatarajBalajeethenwe loosetheRATING, DAIL Y-
SALARY informationforRATING 5.This is anexamplefor deleteproblem.
To overcomethe given situationabove there is a processdefinesas the
decomposition.Basically,decompositionmeansto replacea givenrelationwith setof
smallerrelationswhereeachof themhasa subsetof attributesof theoriginalrelation.
Thisis donewith the help of identifyingfunctionaldependenciesin the original
redundantrelation.
In our casewe can apply the following decompositionand end-upwith the
followingrelations:
DAYS-EMPLOYEE (EID, NAME, RATING, D-WORKED)
SALARY (RATING, DAILY-SALARY)
Figure3.15 shows the populatedrelationsafter decomposition.We have
eliminateda ditionproblem,forbothDAYS-EMPLOYEE andSALARY wherewecan
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addnew tuples to both relationwithout the requirementof knowing any other
information.ChangingtheDAILY-SALARY is an singletupleupdatein SALARY
relation,unlikein theoriginalversionwheremultipletupleshadto beupdated.We can
deleteanemployeewithoutloosinganySALARY information.
Even thougheverythingsoundsgreatwith this decompositionapproach,
therearestill issuesandquestionsaroundit : Is a relationrequiredto bedecompose?
Didweintroducenewproblemsby decomposinga relationas in examplecase? These
questionswill beansweredwith thenormalizationmethodsandfunctionaldependency
analysisdescribedin the following sections.Another derived problem of the
decompositionis thepotentialrequirementof thejoins for thequerieson theoriginal
relation.This overandoverjoining maycauseto performanceissueswhich maybe
moreseverethanthe original redundancyproblems.We will be discussingfurther
relationaldatabasedesignaspectin thenextsections.
DAYS-EMPLOYEE
EID NAME RATINGD-WORKED
1226
MickReidy 85
35
Joe urray
5
H lenSherlock64
500
Soap
34
Grai neWhelan3ataraiB laiee5
SALARY
RATING DAILY-SALARY
8
100
6
75
5
5
Figure 3.15DAYS-EMPLOYEE and SALARY Relations.
3.5.4.2FunctionalDependency
Wealreadyhaveraisedthequestionsregardinggoodrelationaldesignandhow
todistinguisha "good"versionfroma "bad"versionwith solidmathematicalevidence
andnotwithsubjectivedesigncriteria.Relationalmodelenablesus to do so with the
helpoffunctionaldependencyandnormalizationtheory.
The singlemostimportantconceptin relationaldesignis thatof a functional
dependency.S9 Normalizationmethodsarebasedon the functionaldependencytheory.
Functionaldependencyis a constraintbetweentwo setsof attributesfromtherelation.
Beforeformallydefmingthe functionaldependencywe shall defmethe functional
mappingbetweenattributesof a relationandwork on a samplerelationfor clarifying
thedefmitionof functionaldependency.Functionaldependenciesallow us to express
constraintsthatcarmotbeexpressedusingsuperkey.
59 ElmasriR, NavatheS. B., Fundamentalsof DatabaseSystems,SecondEdition, The Benjamin/
CumminsPublishingCompany,pA01, 1994
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Assumethetwo attributesEID (employeeid) andTILE defmetheemployees.
EID is givenas unique,i.e. representingoneandonly oneemployee.Each employee
canhaveonetitle,butmultipleemployeescanhavethesametitle.This will leadus to
theconclusionthattheremayexistsa many-to-onemappingbetweenEID andTITLE.
Thismappingis definedasthefunctionalmappingandshownasEID -7 TITLE. Here
theEID is namedas domainand TITLE is namedas range.In other words EID
determinesTITLE or TITLE dependsonEID. Sucha mappingis defmedasfunctional
dependency(FD).
In thegivenrelationDPM (DEPT, PRODUCT, MANAGER) with thefollowing
populatedatawe will checktheDEPT -7 MANAGER or MANAGER -7 DEPT as
weclaimtheyexist.Accordingto thedefinitionwe canhavea many-to-oneor one-to-
oneDEPT -7 MANAGER if theFD holds.Sameis validforMANAGER -7 DEPT.
DPM
DEPT PRODUCTMANAGER
DI
PI I
DI
23 2
2
34
For DEPT -7 MANAGER test,takenthevaluesfor DEPT wehaveDI andD2.
Fromthevaluesabovewe sethatDEPT -7 MANAGER cannotbevalidatedbecause
forDI wehaveMI andM2 whichis notmany-to-oneorone-to-one.
For MANAGER -7 DEPT test,takenthevaluesfor MANAGER we haveMI
andM2 andM3. Fromthevaluesabovewe sethatMANAGER -7DEPT is validsince
itsatisfiesthemany-to-oneandone-to-onecondition.
Functionaldependencyanalysisis apracticalandstructuralmethodof analyzing
problemsandrelationaldesignanomaliesintroducedduringthedatabasedesignphases,
speciallyentity-relationship(ER) modelingthat we will study in the next chapter.
Furthermorefunctionaldependencyis a wayof refiningtherelationalschemacreated
fromER model.ER modelby its naturecannotenablethedesignermakerefmement
decisionsspeciallyfor:
- Constraintsonrelationshipset.(Businessrulesor policiesof thebusinesswhich
havetobeincorporatedtothedatabasedesign)
- Problemof identifyingattributesof entitiesin theER model.(DoesanAttribute
A belongto EntityE1 orE2 ?)
- Problemof defmingandidentifyingentitiesfor representingbusinessrules in
thedatabasedesign.(DoweneedanentityE ornot?)
Definition
A functionaldependency(FD), denotedby X -7 Y, betweentwo setsof
attributesX andY thataresubsetsofR specifiesa constrainton thepossibletuplesthat
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canformarelationinstancer ofR. Theconstraintstatesthat,foranytwotuplestl andh
inr suchthattl[X] =t2[X],wemustalsohavetl[Y] =t2[Y].This meansthatthe values
oftheY componentof a tupler dependon,or aredeterminedby, thevaluesof theX
component;or alternatively,thevaluesof theX componentof a tupleuniquely(or
functionally)determinethevaluesofY component.
InferenceRules for FunctionalDependencies60
REFLEXIVITY: if X :::>Y, thenX ~ Y. Or, X ~ X andY ~ Y, whereeveryX
determinesit selfandeveryY determinesitself.
Proof:
If X ;;2 Y andtuplestl andh in somerelationinstancer ofR suchthattl[X] =h[X].
Thentl[Y] =t2[Y]becauseof X :::>Y :. X ~ Y andalso :.X ~ Y
AUGMENTATION: if X ~ Y, thenXZ ~ YZ foranyZ. Or, XZ ~ Y.
Proof:
AssumethatX ~ Y holds in a relation instancer of R but thatXZ ~ YZ does
nothold.Then theremustexisttwotuplestl andt2in r suchthat:
(a)tl[X]=t2[X]
(b) tl[Y] =t2[Y]
(c)tl[XZ]=t2[XZ]
(d)tl[YZ]-:f. t2[YZ]whichis notpossiblesince(e)is deducedfrom(a)and(b)
(e)tl[Z]=t2[Z]and(f) is deducedfrom(b)and(e)
(j) tl[YZ]=h[YZ] whichis contradicting(d).
TRANSITIVITY: If X ~ Y, Y ~ Z, thenX ~ Z.
Proof:
Assumethat
(a)X~ Y and
(b) Y ~ Z holdin a relationr. thenfor anytwo tuplestl andt2in r suchthattl[X] =
h[X],wemusthave
(c)tl[Y]=MY] (from(a)),andhencewemusthave
(d)tl[Z]=t2[Z](from(c) and(b)); :. X ~ Z mustholdin r.
DECOMPOSITION: If X ~ YZ, thenX ~ Yand X ~ Z.
Proof:
(a)X ~ YZ (given),
(b) YZ ~ Y (usingreflexivityandYZ:::>Y)
(c)X ~ Z (usingtransitivityon (a)and (b))
60Ibid,pA04
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ADDITIVE (UNION): If X -; Y and X-; Z, then X -; YZ. Or,
X ~ Y andW -; Z, thenXW -; Y Z (if X =WthenX -; YZ)
Proof:
(a)X -; Y (given),
(b)X -; Z (given),
(c)X -; XZ (usingaugmentationon(a)withX; whereXX =X),
(d)XY -; YZ (usingaugmentationon (b)withY)
(e)X -; YZ (usingtransitivityon (c)and(d»
PSEUDO-TRANSITIVITY: If X -; Y, YW -; Z, thenWX -; Z
Proof:
(a)X ~ Y (given),
(b)WY -; Z (given),
(c)WX-; WY (usingaugmentationon (a)withW),
(d)WX-; Z (usingtransitivityon(c)and(b»
TheMembershipAlgorithm61
If anFD is derivedfromanotherexistingFD, thenthisis calleda redundantFD.
Duringthevarioustransformationsanddecompositionsof a schemadesign,it hasto be
ensuredthatsemanticsarepreserved.To do this the proof of equivalenceof FDs
betweenthetwoversionsof theschemasis required.The staringpointfor theproof is
thenon-redundantsetofFDs in bothschemaswhichis obtainedbyminimality.
The inferencerules reflexivity,augmentationand transitivityare known as
Armstronginferencerules.Withthesethreerules, givena functionaldependencysetF,
ona schemaR , any dependencythatcan be inferredfrom F by usingreflexivity,
augmentationandtransitivityholdsin everyrelationstater definedon R thatsatisfies
thedependenciesin F. Againby usingreflexivity,augmentationandtransitivityrules,
wecaninferdependenciesuntilno furtherdependenciescanbe inferred,thusresulting
tocompletesetof all possibledependenciesthatcanbe inferredfromF. Furthermore,
thesetofdependenciesF+,whicharecalledtheclosureofF, canbedeterminedfromF
byusingthefirstthreerules.Thesetof all functionaldependencieslogicallyimpliedby
F istheclosureofF. In otherwords,theclosureofF, P, is calculatedfromgivensetf
ofFDsby usingArmstrong'srules.
GiventherelationR, R(A, B, C, D, E, F, G), whereA is thekey, giventhe
followingFDs: A -; ABCDEFG,CE -; A, BD -; E, additionalFDs canbecomputed
asthemembersof thesetF+.
FromCE ~ A andA -; ABCDEFG: CE -; ABCDEFG
FromBD~ E andaugmentations:BDC -; EC
FromCE ~ ABCDEFG andBDC -; EC: BDC -; ABCDEFG
61 OzkarahanEsen,DatabaseManagement.Concepts,Design andPractice,Prentice-HallInternational
Editions,p.l 08,1990
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FromA~ ABCDEFG:A~ A,A~ B,A~ C,A~ D,A~ F,A~ G
The of themembershipalgorithmis to showtheredundancyof a FD by using
theinferencerules.Herewe first needto applythe simplificationson thegivensetof
FDs.Next stepis theapplicationof inferencerulesto thesetF of FDs. Theproblem
hereis thebeableto calculatetheclosureofF, F+,to verifythata testedFD is implied
byF+. To avoidthedifficult andcostlytaskof calculatingF+anotheralternativeis
proposed.x+istheclosureof setof attributesX in R forFD setF. x+(theclosureof set
of attributes)is obtainedsuchthatthe FD X ~ A can be deducedfrom F by the
inferencerulesandenablesthetestof FD X ~ Bin F withoutcalculatingtheF+.This
algorithmis calledthemembershipalgorithm.
Given the set F of FDs below, we will test eachFD A ~ B againstthe
remainderF' =F - (A ~ B) to fmdoutif A ~ B is memberofF'+andif soto conclude
thatwecanignoreA ~ Bin F sinceF' will implythis.
R(A,B, C, G, H, 1),F ={A ~ C B, CG ~ ill, B ~ H, A ~ H, AG ~ H}
Applyingfurthersimplification(decomposition)will leadto :
(1)A~ B
(2)A~ C
(3)CG~H
(4)CG~I
(5)B ~ H
(6)A~ H
(7)AG~ H
TestofA~ B
1. X=A
2. X =AC from (2)
3. X =ACH from (6)
4. Nomoreadditionscanbemadeto X ~ A ~ B is notredundant.
Testof A ~ C
1. X=A
2. X=AB from(1)
3. X=ABH from(5)
4. Nomoreadditionscanbemadeto X ~ A ~ C is notredundant.
TestofCG ~ H
1. X= CG
2. X =CGI from(4)
3. NomoreadditionscanbemadetoX ~ CG ~ H is notredundant.
TestofCG ~ I
1. X= CG
2. X =CGH from(3)
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3. No moreadditionscanbemadetoX =>CG ~ I isnotredundant.
TestofB ~ H
1. X=B
2. No moreadditionscanbemadetoX ~ B ~ H is notredundant.
Testof A ~ H
1. X=A
2. X =AB from(1)
3. X =ABC from(2)
4. X =ABCH from(5)
5. H ~ ABCH; A ~ H followsfromF' andis redundant
TestofAG ~ H
1. X=AG
2. X =AGH from(6)
3. H ~ AGH; AG ~ H followsfromF' andis redundant
We haveend-upwiththisalgorithmwithasetof non-redundantFDs.
MinimalSetof FunctionalDependencies
A setofFDs is minimalif
- Everydependentattributeis a singleattribute.
- Nodeterminanta tributeisredundant.
- Thereis noredundantFD inthesetofFDs
Thedatabasedesignprocessrequiringthe test of equivalenceof two schemas
requires.GiventhesetofFDs in bothschemasareF1 andF2
- Equivalenceof setofFDs in bothschemas.
- CiosureofF1(Ft)=ClosureofF2(F2l·
. DeletingaFD fromF1to obtainFl' implies:F2 ;j:. F l'
MinimalityExample:
IfF ={ABCD~E,E~ D,A~B,AC~D}
ABCD---+E:
ReplacebyAC ~ E (fromA ~ B, AC ~ D); AC ~ E
AC -tE, E ---+ D =>AC ~ E
By transitivityandcanberemoved
AC-tE, E ---+ D, A ~ B ;
No redundantFD :MinimalsetofFDs
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3.5.5Normalization
Normalizationprocesswasfirstproposedby Codd.In generalthenormalization
processtakesa relationthrougha seriesof testto "certify"whetheror notit belongsto
aspecificnormalform.Normalizationof datacanbe lookedasa processduringwhich
unsatisfactoryelationschemasare decomposedby breakingup their attributesinto
smallerelationschemasthatpossesdesirableproperties.62For a givenschema,we
shouldbe ableto tell whetherit is a "good"designor a "bad"design.If it is a bad
designweneedto beableto understandthereasonsandproblemsthatmakesit a "bad"
design.Normal formsand normalizationis a guidancefor suchmeasurementin the
relationalmodel.
Theoriginalnormalizationproposalwasaimingto resolvetheupdateanomalies
onrelationswe havedescribedbeforein thischapter.In a widerview, normalization
providethedesignerswith
- A formal method of relation analysis based on the keys and functional
dependencies.
- Testseries,thatcanbeappliedonrelationssothatit canbenormalized.Failingtest
willbeanindicationof decompositionrequirementof therelationit is applied.
Wedorequirenormalformsandnormalizationof relationsbecause,theyarepure
structuresthat do not carry multipledisjoint facts and they do not causeupdate
anomalies.Additionalto normalizationfollowingsare requiredfor a "good" design,
sincenormalizationdoesnotaloneguaranteethis.
- Losslesschemasandjoins.
- Dependencypreservation,whichensuresthatall FDs arerepresentedin someof the
individualrelations.
LosslessSchemas(LosslessJoin Decomposition)
Decompositionof a schemaR is theprocessof replacingtheschemaR by more
relationswhichcontainsubsetof attributesofR andaltogethertheyinclude thetotality
ofattributesof schemaR. More formally,therelationalschemais thesetof attributes,
R={AI, A2, •••,An} whereAj denotesan attribute.DecompositionD, createsa setof
relationalschemasfromR, i.e.D ={RI,R2,•••,Rn }.D is calledthedecompositionofR.
Losslessjoin decompositionis defmedas the decompositionwhich has the
attributepreservationandrelationalpreservation.Attributepreservationis achievedby
satisfyingtheruleof no attributesbeingleft out duringdecompositionor no spurious
tuplesareintroduces.GiventheschemaRex, Y, Z) , wheredecomposedrelationsare
givenasRI(X, Y)andR2 (Y, Z). R"* Rlu R2 concludingthatthedecompositionis not
Losslesswheretuples(xl, yl, z3)and(x3,yl, zl) arespuriousanarenotintheoriginal
relation.Analgorithmicwayof losslessjoin decompositiontestis asfollows:
62 ElmasriR, NavatheS. B., Fundamentalsof DatabaseSystems,SecondEdition, The Benjamin /
CumminsPublishingCompany,p.407,1994
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R R1 R1uR2X
Zx ZxyZxl
zll zll1zl2
2--.x2 2
~
xl
3
3
33 3222
x3
Algorithm: Test for LosslessJoin63
Step1:
CreateamatrixS withRow(i) forrelationRiofD and ColumnO)forattributeAj inR.
Step2:
AssignS(i,j) =bijVi,j
Step3:
Fori =1to n representingRj andj =1to m representingAj (wheren, m totalnumber
ofrowsandcolumns),ifRi includesAj thenS(i,j) =aj
Step4:
ForeachFD A ~ Bin F,
Forallrowsin S whichhavethesamesymbolin thecolumnsfor attributeA; makethe
symbolsin eachcolumnthatcorrespondsattributeB be thesamein all theserowssuch
thatif anyof therowshasan"a" symbolfor thecolumn,settheotherrowsthethat
same"a"symbolin thecolumn.If no "a" symbolexistsfor theattributein anyof the
rows,chooseoneof the"b" symbolsthatappearin oneof therowsfor theattributeand
setheotherowsto that"b" symbolin thecolumn.
Step5: If a row is madeof "a" symbolthenthe decompositionhasthe losslessjoin
property,otherwiseisnotlossless.
Executionof theAlgorithm onan Example
R =(A, B, C, D, E, F)
F={A ~ B, C ~ DE, AC ~ F }
R1=(A,B), R2=(C, D, E) R3 =(A, C, F)
ep
S
ABCDEF
R1
bllb123b1456
R2
2122
3
3 33
IIIMIR YUK5EK TE.~NOlOJi fNSTirusu
, REKTORlUGU
Y'-'tUohon.eve Doklimantasyon DoireB~l
8t 1&
63 Ibid,p.428
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B C
a2 bl3
b22 a3
b32 a3
D E F
bl4 bl5 bl6
a4 as b26
b34 b35 a6
B, Row I andRow 3agreeonvaluesincolumnA (al) : Changeb32toa2
DE, Row 2andRow 3 agreeonvaluesin columnC (a3): Changeb34to a4
B C
a2 b13
b22 a3
a2 a3
D E F
bl4 bl5 bl6
a4 as b26
a4 as a6
~ F: No tworowsarethesamein AC Columns,nochangecanbemade.
w 3 is (aI, a2,a3,a4,a5,a6),sothisdecompositionis lossless.
cyPreservation
pendencypreservationis achievedby satisfyingtherule,thatFDs in setF on
ar in thedecomposedrelationsR" R2, •••,Rn.If a schemaS is givenwith the
e attributesof S areinvestigatedandattributeswhicharenotpartof anyFD
separated.Theseattributesaremadeto bea relation.
anFD A ~ B existsin F whereAB containall attributesof F thenS is singe
ation.
herwise,arelationRj is madefromeachAi ~ Bj
thereexistsa FD asA ~ Bj in F for all attributesBj (l <=i <=n) thea single
ationof AB,B2 •••Bn is built.
anadditionalrule; if theschemais a decompositionof R, thenthekeyof R
tselfa relationor mustbe in oneof thedecomposedrelations,to makethe
itionlosslessanddependencypreserving.
rstNormalForm
First normalform was definedto disallow multi-valuedand composite
attributes.
In firstnormalform,everyfieldmustcontainanatomicvalue.
No nestedor subrelationscanexistin anrelation.
herelationEMP_WORK, belowis notin fist normalform.R is a relationwith
employeeid (EMPID), employeename (EMPNAME), projectsworked
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(PROJECTS_WORKED) which it self is a relationof projectid (PROJID), totalhours
worked(H WORK).
RK (EMPID, EMPNAME, PROJECTS_WORKED)
EMPNAME
RK aspopulatedwith thefollowingattributesasfirst normalformandwith
In thiscasetheprimarykeyis EMPID, PROJID
RK (EMPID, EMPNAME, PROJID, H_WORK }
EMPNAME
oeMurra
oeMurra
Bob Hamilton
Bob Hamilton
PROJID
Y2K
EURO
Y2K
EURO
H WORK
500
250
1000
325
relation EMP_ WORK is decomposed into EMPLOYEE and
JECTS to obtain non-redundantfirstnormalformwheretheprimarykey is
o EMP_PROJECTS to combinewith the partial key of PROJID in
RK relation.This processis takingout thenestedrelationsintostand-alone
E (EMPID, EMPNAME)
JECTS (EMPID, PROJID, H_WORK)
E
NAME
Joe Murra
BobHamilton
JECTS
PROJID
Y2K
EURO
Y2K
EURO
H WORK
500
250
1000
325
ondNormalForm
Full functionaldependencyisthebaseof secondnormalform,whereagiven
FD A --+ B is a full functionaldependencyif anyremovalof attributefrom
A impliesthattheFD is notvalidanymore.Formally,for a givenX E A (A
- {X} x--+B) wherex--+ impliesno functionaldependency.A non-full
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functionaldependency(partialfunctionaldependency)A ---)B, is thecaseif
theattributeX E A canbe removedfrom setX andtheFD still is valid.
Formally,for a givenX E A (A - {X}---)B). In therelationEMP_WORK
EMPID,PROnD ---) H_WORK is a full FD but EMPID,PROnD ---)
EMPNAME ispartialdependency.
If two disjointfact arein the samerelation,the relationis not in second
normalform.
A givenrelationR is in secondnormalformif everynonprimeattributeA id
fully functionaldependentontheprimarykeyof therelation.
In the relationEMP_WORK below, the non-primeattributeEMPNAME
violatesthefull functionaldependencyruleconsideringtheFD
EMPID ---)EMPNAME.
EMPID,PROnD ---)EMPNAME andEMPID ---)EMPNAME
makingEMPID partiallydependento the primarykey. Also PROJNAME (project
name)and PROJLOC (project location)are violating full functionaldependency
becauseof theFD
PROTID---)PROJNAME,PROJLOC.
EMPID,PROnD---)PROJNAME,PROJLOC and
PROTID---)PROJNAME,PROJLOC
EMP_WORK (EMPID,PROJID, H_WORK, EMPNAME, PROJNAME, PROJLOC)
FD: EMPID, PRonD ---)H_WORK
FD: EMPID ---)EMPNAME
FD : EMPID ---)PROJNAME, PROJLOC
To obtainthesecondnormalform, theEMP_WORK relationis decomposed
intothreerelationsEMPLOYEE, EMP_PROJ andPROJECT with thegivenattributes
andkeysandfull functionaldependencies.
EMPLOYEE(EMPID, EMPNAME) EMPID ---)EMPNAME
PROJECT(pROJID, PROJNAME, PROJLOC) PRonD ---)PROJNAME, PROJLOC
EMP]ROJ (EMPID, PROJID, H_WORK) EMPID, PRonD ---)H_WORK
3.5.5.3Third NormalForm
- Transitivedependencyis thebasefor third normalform which is defined
suchthat; givena FD in R A ---)B, if thereis a setof attributesX whichis
nota subsetof anykey inR andA ---)X andX ---)B is valid.
- Codddefinesa relationR in third normalform if "it is in secondnormal
formandhasnotransitivedependencyof anynon-primeinprimarykey",
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Relation EMP_DEPT below is in second normal form since no partial
dependencyexistsbut becauseof the functionaldependenciesEMPID -+ DEPTID
(departmentid),DEPTID -+ DEPTNAlv1E(departmentname).andDEPTID is notpart
ofthekeyEMPID.
EMP_DEPT (EMPID, EMPNAlv1E,GENDER, PHONE, DEPTID, DEPTNAlv1E)
FD :EMPID -+ EMPNAlv1E,GENDER, PHONE, DEPTID
FD: DEPTID -+DEPTNAlv1E
Decomposingthe relationEMP_DEPT to EMPLOYEE andDEPARTMENT
givesthirdnormalformrelations.
EMPLOYEE (EMPID, EMPNAlv1E,GENDER, PHONE, DEPTID)
DEPARTMENT (DEPTID, DEPTNAlv1E)
For arelationto bein thirdnormalform,it hasto beobeyingtherulesof being
fullyfunctionaldependentonall keysofR, andno transitivedependentoneverykeyof
R.
3.5.5.4Boyce-CoddNormalForm
Schemaswith relationsof thirdnormalform areconsideredas"good" designs.
Thirdnormalformresolvesanomaliesof insertion,deletionandupdatesin therelations.
Anydesignwhich is at leastnot in the third normalform will be introducingthese
anomalies.Boyce-Coddnormalformis a normalizationwith additionalrestrictionon
thirdnormalform As seen in the previoussection,a relationneedsto be fully
functionalin otherwordsthereshouldbeno partialdependencyandshouldnot allow
transitionaldependencywhich impliesthatno FD with non-primedependentor key
determinantshouldexist. In Boyce-Coddnormalform thesecondcondition,which
allowsinanFD A -+ B, B to beprimeattributeif A is nota superkey,is notvalid.A
Boyce-Coddnormalformis a normalizedrelationwhereall determinantattributesare
candidatek ys.
3.5.5.5Forth Normal Form
Evenwhenusing FD and normalizationapproachto decomposerelationsto
avoidanomaliesandredundancies,in reallife therecanbe caseswheretheFD theory
doesnotapplyandwe mayhaveto dealwith suchcases.Given theexampleIn the
relationR belowwith attributesPROJNAlv1E,EMPNAME PROJLOC wherea project
hasemployeesworkingandprojecthaslocations.Projectemployeesandlocationsare
notdependentto eachother.Here we have a case of one-to-manyPROJNAlv1E,
EMPLOYEErelationandone-to-manyPROJNAME, PROJLOC relation.Theexistence
of thesetwo one-to-manyunrelatedrelationsare the base for anotherfunctional
dependency,alledthemultivalueddependency.The rule for multivalueddependency
inthegivenrelationsis to keepall possible combinationsPROJNAME, EMPNAME
andPROJNAME, PROJLOC. Therelationis populatedasa samplefor thisconditionis
shownbelow.Wherethepossiblecombinationsof tuplesof bothone-to-rnanyrelations
areintherelation.
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R(PROJNAME, EMPNAME, PROJLOC)
PROJNAME EMPNAMEPROJLOC
Y2K
MickReidyLlJoe Murra2I
Multivalued Dependency
On a givenrelationR, themultivaluedependency(MVD), A ~~ B, whereA
andB aresubsetsofR followstherulesbelowfor aninstancerelationr ofR : Iftl and
t2existin r suchthattl[A] =t2[A],thenanothertwotuplesmustalsoexistin r ast3and
t4withthefollowingrules:
t3[A]=4[A] =tl[A] =h[A]
h[B] =tl[B] and 4[B] =t2[B]
t3[R-(AB)]=t2[R-(AB)]and4[R-(AB)] =tl[R-(AB)]
In the relation R above,
PROJNAME ~~ PROJLOC.
PROJNAME ~~ EMPNAME and
A givenMVD onR, MVD A ~~ B, is a trivialMVD if, B is a subsetof A or
'A u B = R. Inferencerules, reflexivity, augmentation,transitivity,projection,
additivity,pseudo-transitivity,complementationandreplicationexistforMVD.
Reflexivity:A ~~ B
Augmentation:If A ~~ B, thenAC ~~ B
Transitivity:If A ~~ B andB ~~ C, thenA ~~ C - B
Projection:If A ~~ B andA ~~ C, thenA ~~ B (l C, A ~~ B - C, A ~~ C
B
Additivity:If A ~~ B andA ~~ C, thenA ~~ Be
Pseudo-transitivity:If A ~~ Band BC ~~ D, thenAC ~~ D -BC
Complementation:If A ~~ B andC = R - (AB), thenA ~~ C
Replication:If A ~ B, thenA ~~ B
TherelationR aboveis not in fourthnormalform.becauseit only consistsof
twounrelatedone-to-manyrelationships.a givenrelationR is in fourthnormalform
withgivenF, setof dependencies,if for everynontrivialMVD A ~~ B in F+A is a
superkeyin R. In thegivenrelationR above,PROJNAME ~~ EMPNAME andthe
PROJNAME~~ PROJLOC doesnotimplyPROJNAME to besuperkeyofR. When
theR aboveis decomposedintoRl(PROJNAME, EMPNAME) andR2 (pROJNAME,
PROJLOC), thenbothRI andR2 arein fourthnormalform.
Givenbelow the relationPROJECT(pROJNAME, EMPNAME. PROJLOC),
identicaltoR above,wherewehaveintroducedanotherprojectnameEURO alongwith
threeemployeedependents(HelenSherlock,Mick Reidy,Joe Murray,Bob Hamilton,)
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andfour locationdependents,L3, L4, L5, L6 we end-upwith the following relation
with20tuples.
PROJNAME EMPNAMEROJLOC
Y2K
Mick eidyLlJoe Murra2
EURO
H lenSherlock3Bob Hamilt ne 4i iJ l l5 rr iltoenSher ck6ickReidy
E
Jo u ab
WhendecomposingPROJECT into PROJ_EMP andPROJ_LOC then we obtainthe
followingtuples in both relationsfor PROJ_EMP(PROJNAME, EMPNAME) and
PROJ_LOC(PROJNAME, PROJLOC):
PROJNAME
Y2K
Y2K
EURO
EURO
EURO
EURO
EMPNAME
Mick Reid
Joe Murra
HelenSherlock
MickReid
Joe Murra
Bob Hamilton
PROJNAME PROJLOC
Y2K
Ll2
EURO
3456
Thetotalnumberof tuplesis 12withupdate,deleteandinsertionanomaliesremoved,
whichwouldexistinPROJECT relation.
In this chapter we have studied the various schema refmementand
decompositionmethods,alongwith thefunctionaldependencytheoryandnormalforms
thatareessentialfeaturesto refinea schema.Even thoughta databasedesignmostly
startswithER modeling,it is notalwayspossibleto end-upwitha non-redundantsetof
relationswhichdon'thaveany insert,updateor deleteanomalies,translateddirectly
fromtheER model.ER modelingwill be studiedin the nextchapter.We havenot
includedtherelationalcalculusin thischapter.We arealsonotpresentingthedetailsof
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theSQL butjust givean overviewof it. The theorywe havestudiedin thischapter,
speciallynormalization,will be a basefor our databasemodelanddesignwe will be
presentingin thefollowingchapter.
3.5.6StructuredQuery Language(SQL)
SQL was the fIrst languageused in the IBM's SystemR relationalDBMS
product.Over the past yearssince it was fIrst used,SQL has becomea popular
relationaldatabaselanguage.It is fIrststandardizedin 1986by theAmericanNational
StandardsInstitute(ANSI). Sincethen,it hasbeenformallyadoptedasanInternational
Standardby the InternationalOrganizationFor Standardization(ISO) and the
InternationalE ectrotechnicalCommission(IEC). It hasalsobeenadoptedasa Federal
InformationProcessingStandard(PIPS) fortheU.S. federalgovemment.64
The fIrst SQL Standarddevelopedby ANSI was in 1986.This was calledas
SQL-86.A minorrevisioncamein 1989,andwascalledSQL-89.Nexta majorrevision
wasintroducedin 1992,andcalledSQL-92. This was a 580pagespecification.ISO
collaboratedwithANSI to developSQL-92. SQL-92 significantlyincreasesthesizeof
theoriginal1986standardto includea schemamanipulationlanguagefor modifyingor
alteringschemas,schemainformationtablesto makeschemadefinitionsaccessibleto
users,newfacilitiesfor dynamiccreationof SQL statements,andnewdatatypesand
domains.Othernew SQL-92 featuresincludeouterjoin, cascadeupdateanddelete
referentialctions,setalgebraon tables,transactionconsistencylevels,scrolledcursors
,deferredconstraintchecking,andgreatlyexpandedexceptionreporting.SQL-92 also
removesa numberof restrictionsin orderto makethe languagemoreflexibleand
orthogonal.Most commercialDBMSs currently supportSQL-92. SQL-1999,As a
majorextensionto SQL-92 has beenapprovedin 1999.Table 3.4 summarizesthe
developmentsin SQL standards.
Table3.4Developmentsin SQL Standards
Version
1986:S( L-86
1989:SQL-89
1992:SQL-92
1999:SQL 1999
Descri tion
Firststandardub1ishedb ANSI
Minor revisiononSQL-86
Major revision.ISO collaboratedwithANSI. MainlyIncludes:
Schemamanipulationlanguage
Schemainformationtables
Facilitiesfor dynamiccreationof SQL statements
New Datatypesanddomains
Outerjoin
Cascadeu date/ delete
A Ma'or extensionto SQL-92
As mentionedbefore,our study doesnot includeSQL implementations.We
willnotimplementany programming,suchas front-endor SQL. The programming
phasewouldbe an exercisefor actualdevelopmentof our model,for whichwe are
designingthedatabase,bothconceptualandphysicalmodel.
64 NationalInstituteof StandardsandTechnology(NIST) SQL Project,URL: http://www.nist.gov/
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Chapter4
DATABASES DESIGN AND ENTITY-RELATIONSHIP
MODELING
4.1DatabaseDevelopmentProcess
Almost every design process of a databasesystem containsthe entity
relationship(E/R) modeling.TheE/R modelis basedonperceptionof therealworldas
consistingof a collectionof basic objects(entities)and relationshipsamongthese
objects.It is intendedprimarily for the databasedesign processby allowing
specificationsof anenterprisescheme.This representstheoveralllogicalstructureof
thedatabase.Theoveralllogicalstructureof a databasecanbeexpressedgraphicallyby
theE/R modelusingspecificdiagrams.65
Peter P. Chen proposedthe E/R model: A data model, called the entity-
relationshipmodel, is proposed.This model incorporatessomeof the important
semanticinformationabout the real world. A special diagrammatictechniqueis
introducedasatoolfor databasedesign.An exampleof databasedesignanddescription
usingthemodelandthediagrammatictechniqueis given.Someimplicationsfor data
integrity,informationretrieval,and data manipulationare discussed.The entity-
relationshipmodelcanbeusedasa basisfor unificationof differentviewsof data:the
networkmodel,therelationalmodel,andtheentitysetmodel.66
In this chapterwe will give the various aspectsof E/R model and start
developingpiecesof our databasemodel for man-powerplanningwith the E/R
representation.
Thegeneralstepsin adatabasedevelopmentprocesscanbelistedasbelow.For
thecompletenessof systemdevelopmentphases,we havegiven systemanalysisand
implementationphasesasheadlinesbutwewill notexploretheseareasinthischapter.
- SystemsAnalysis: Somesourcesalsocallthisphaseasrequirementsanalysis.This
phaseincludesinitialprocessesandtasksof informationsystemdesign.This phase
collectsfacts, requirements,directionsfrom the businessenvironment.These
collectionsinvolveboth;applicationlevelanddatalevelfacts.Functionalstructures
andexistingdatamapsof thebusinessenvironmentaredrawnin this phase.The
outcomeof thisphasewill leadto theapplicationdevelopmentand databasedesign
andimplementation.
- SystemDesign:Oncethesystemanalysisphaseis completed,thenextstepis the
identifythefunctionalrequirementsanddatabaserequirements.Thefirstonewill be
65 Han,J., DatabaseSystemsandStructures,LectureNotes,CPMT354,1995,School of Computer
Science,SimonFraserUniversity,URL: http://www.csuohio.edu
66 ChenP. P., TheEntity-RelationshipModel - Towarda Unified View of Data,ACM Transactionson
DatabaseSystems,Volume1,Number 1,p.9,March 1976
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FunctionalDesign
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Logical Design
CONCEPTUAL SCHEMA .••••._ ..
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ApplicationDesign PhysicalDesign
._....~ APPLICATION MODELS
PHYSICAL SCHEMA .••••._-
Implementation
Figure 4.1High-LevelPhasesof DatabaseandApplicationDevelopment.
Theoutputof theconceptualdesignis theE/R Model (conceptualschema).for
therestof thechapter,we will beworkingin detailwith theE/R model.We haveseen
theLogicaldesignconceptsin Chapter2 wherewe haveintroducedthe functional
dependencyandnormalizationin schemarefinement.Variousdesigntoolscanbeused
duringthephasesin the figure above.Major DBMS companiesand vendorshave
producedanalysis,designanddevelopmenttools to assistthe databasedesigner.We
will usetheSybasetool,PowerDesignerin ourimplementationof therelationalmodel.
79
4.2Entity-RelationshipModel
4.2.1Entity
EIR modelhas somebasic componentswe will be studyingin this section.
Entityis the basic,maincomponentin theEIR model. entityis an diagramobject
representinga real world object and it can be distinguishedfrom other entities.
Employee,title, department,project aresomeexamplesto possibleentitiesin real
worldand in EIR model.Entitiesmaybe physicalor conceptualobjects.A set of
entitiesis thecollectionof entitiesin a givendatabaseschema,or anentitytypeis the
collectionof entitiesthathavethesameattributes.
Entitieshave set of "attributes" as properties.The attributesdescribethe
entity.For example,a departmententitycanbedescribedbyDepartmentid, department
name,manager.Attributesof anentityhave''values'', which arethestoreddatafor
themin the database.The attributesmostlyhave domainsfor their values.As we
describeda domainbefore,it is a setof possiblevalues,thatan attributecanhave.
domainsaredescribedwith domainnames,thedatatypesand sometimeswith valid
valueranges.Entitieshavekeys,as primarykey, candidatekey to identifya single
entityin a givenentityset.A keyis theminimalsetof attributeswhosevalueis unique
toidentifytheentity.Theremaybemultiplecandidatekeys,oneofthembeingdefined
astheprimarykey.
Entities in the EIR modelare generallyshownas In Figure 4.2 with their
attributesasovalsattachedtotherectangularentity.
Address
Figure 4.2An Entity Representationin E/R Model.
In theFigure4.2,theEMPLOYEE entityis representedwith therectanglewith
itsname.theattributesareshownasovalswith attributenamesin themiddle.Thekey
attributeis boldandunderlinedin E/R representation.Attributesof anentitycanbe in
oneofthefollowingtypes:
Simpleor composite:A simpleattributecannotbe dividedinto furthersub-
attributesand so it is atomic.On the other handa compositeattributeis
composedof multipleatomicattributes.In Figure4.2, theADDRESS attribute
canbegivenasanexampleto compositeattributesbecauseit maybecomposed
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of attributesuch as streetname,number,city. Here, any of the attributes
composedto make-uptheaddressattributearecalledthesimpleattributes.
Singlevaluedor multivalued: Someentitiescanhavesingle(unique)value.In
theEMPLOYEE entity,theagewouldbe anexampleof suchansingle-valued
attribute.But the EMPLOYEE could have multiple phone numbersand
thereforethe phoneattributewould be a multivaluedattribute.Multivalued
attributesmostlycanhavea groupof valuesor rangeof valuesthattheentity
canhave.
Storedor derived: On theEMPLOYEE entity,if we havethebirthdateand
ageattributestogether,thenthebirthdateattributecouldbea stored(recorded)
entityandtheageattributewouldbethederivedentitywhichis calculatedfrom
birthdateandcurrentdateas: AGE =NOW-BIRTH DATE. Thethingto notice
hereis that,eventhoughthestoredvalueis fixed,thederivedvaluecanchange
bytime.
Null valuedattributes:Oneof theimportantconceptsin attributesarethenull
valuedattributes.for a givenentityandits attribute,theremaybe a valuenot
availableor notapplicable.For example,theapartmentnumberof anemployee
maynot existssincehe or shemaynotbe living in an apartmentbut maybe
living in a privatehouse. suchunknownvaluesare calledNULLS. It is
importantounderstandthatNULL :j; "BLANK" orNULL :j; ZERO. Blankand
zero areknown valueswhereasNULL is not known.Primarykeys are not
allowedto beNULL sincethiswould violateall relationalrulesandintegrity
constraints.
4.2.2Relationship
Entities which interact with each other are linked with relationships.
Relationshipstieentities.Thesecondelementof theEIR modelaretherelationshipsor
therelationshiptypes.
A relationshiptypeis definedas,R amongn entitytypesE1, E2,...En,definesa
setofassociationsamongentitiesfromthesetypes.R is thesetof relationshipinstances
ri,where achrj associatesn entities(el, e2,...en),andeachentityej in ri is memberof
entitytypeEj (1::;;j::;; n).67
Relationshipsin EIR modelareshownasdiamondalongwiththeattributesthey
holdfromtheentitiestheyrelate.A simplefiguredescribingentitiesandrelationshipis
giveninFigure4.3.Here,theentitiesareEMPLOYEE andTITLE andtherelationship
isEMPLOYEE TITLE. The StartDateand EndDate attributesassociatedwith the
EMPLOYEE_TITLE relationship are called the descriptive attributesof the
relationship.We showtheproperties(attributes)of therelationshipabovethediamond
andthekeypropertiesareshownasboldfaceandunderlined.If thekeypropertiesare
61 ElmasriR., NavatheS., Fundamentalsof DatabaseSystems,2nd Edition,The Benjamin / Cummins
Publishing Company,p.49,1994
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associative,i.e. they arecoming from theentity attributeset,thentheseare handledlike
foreign keys.
C!!!, Code, StartDate,EndDate)
Figure4.3Entitiesand Relationships.
A relationshipsdegree is the number of entity types in the relationship. The
degreeof EMPLOYEE_TITLE relationshipis two which is called a binary relationship.
A relationshipof degreethreeis called a ternaryrelationship.
In the EMPLOYEE_TITLE, if a title can be held by many employees and an
employeecan havemultiple titles than we have a many-to-manyrelationship. If a title
canonly be held by one employee and an employee can hold many titles then the
relationshipwould be many-to-one from title to employee. If an employee can only
haveonetitleanda title canbe held by many employees,the relationshipwould be one-
to-manyfromtitle to employee.In the caseof one employeecan only haveone title and
atitlecanonly be held by one employee,thenwe would havea one-to-onerelationship.
Theseconstraintsdescribed are called the mapping constraints.We display the
mappingconstraintson the both side of the relationship diamond. In our casewe have
seta many-to-manyrelationship. Mapping constraintsare also known as cardinality
constraints.
If theexistenceof an entity dependson the existenceof anotherentitythrougha
relationship,thenthere exists an participationconstraint.Participation constraintcan
beatotalor partial.A given databaserequirement statingthat everyemployeemustbe
workingin a department,would imply the total participation constraint on the
relationshipbetweenemployeeand department.Every employeemustbe assignedto a
departmentvia the relationship. Database requirement stating that every department
musthavea manager(from the employeedomain) implies that someemployeeswill be
managingdepartmentsbut not all of them. Some employees will be related to the
departmentvia a relationship but not all of them. This constraint is the partial
participationconstraint.In EIR diagramssome sourcesshow the total participationwith
doubleline(=)andpartialparticipationwith single line (-).
Entitiesplay roles in relationships. This is identified by their role name.For
examplein theFigure 4.3, the TITLE entityplays the role of title. In someother cases,
anentityin an relationshipplays more than one roles and has different role namesto
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distinguisheachtheparticipationandtheroleplayedby thisparticipation.This kindof
relationships,whereanentityplaysdifferentrolesarecalledtherecursiverelationships.
inFigure4.4,a recursiverelationshipis show.Heretheemployeeentityplaystherole
of employeeandalsoplaystherole of supervisor,which is in factalsoanemployee.
Recursive relationships occurwhereanentitytypeis relatedbackto thesameentity
type,i.e. relationslike "married","reports-to","manages".A recursiverelationshipis
alsocalledanunaryrelationship.
4.2.3Weak Entity (or Weak Relation)
Entities,which don't haveany key attributefor themselvesare know as the
weak entity. These entitiesare ownedor identifiedby someotherentitiesin the
schema.Another way of definingthe weak entitiesis to identifythe relationship
betweenanentityandits owneras a hierarchicalrelationship,which impliesthatthe
dependentcannotexistswithouttheroot it depends.In this way, the relationshipis
definedasweakandnot theentityandtheweaknessof therelationshipis shownwith
doublelineddiamond.68Theweakrelationshipmustobeythefollowingrules:
Leaf entity(weakentity)musthavea totalparticipationin therelationship.In
otherwords,therecannotbeachildentitywithoutanyparententity.
The mappingconstraintmustbe one-to-orone-to-manyfrom parententityto
child(dependent)entity.
MANAGES
I EMPLOYEE
REPORTS
(EMPID. MGRID)
Figure4.4Recursive Relationships.
Childentitiesin weakrelationscanhavea partialkeywhich identifiesuniquely
thechildentitiesdependentona parententitywithone-to-manyconstraints.Any unique
attributeofthechildentitycanbethepartialkey.In thephysicalimplementationof the
childentity,thekeyof theparentis migratedto it formingalongwiththepartialkeythe
identifierof thechild. A weak relationshipis shownin Figure 4.5, wherethe entity
EMPLOYEE_HISTORY is dependento the entityEMPLOYEE. The partialkey of
EMPLOYEEHISTORY is shownasdotted-underlined.
68 OzkarahanEsen,DatabaseManagement.Concepts,DesignandPractice,Prentice-HallInternational
Editions,p.212,1990
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Weak Relationship.
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addition to the E/R model, certain extensionare implemented,to
ze total mappingconstraints,aggregationand generalizationsin the E/R
ndedE/R modelis anadditionalabstractiontotheexistingE/R model.
al Mapping Constraint
siderthecase,wheredepartmentshavebeenallocatedpoolcars,whichcan
to multipledepartments.What is more,a pool car cannotexistswithout
nedto a department.In otherwords,everyPOOL CAR instanceis assigned
mentandnoteverydepartmenthasto havea pool carassigned.This is the
herewe havetotalmappingconstraint.Total mappingconstraintis shown
) onthesideoftheconstrainedentity,in thiscasethePOOL CAR entity.
regation
farwe havedefineda relationto be anassociationbetweenentities.In real
e scenarioswhichrequiredus to modelrelationshipsbetweena collectionof
relationships.Thefeatureenablingthis is calledtheaggregation,indicating
ationshipsis participatingto anotherrelationship.Aggregationis shownin
aroundthesetof relationshipsandentitiesformingit. Considertheexample
entsdevelopingproductsandemployeesmanagingthemgivenin Figure4.6
DEVELOP relationshipcontainsthe DEPARTMENT and PRODUCT
p. Aggregationenablesus to use the DEVELOP relationshipin the
S relationship.This handlesthe problemof relationshipsonly existing
tities.In thesamefigurewehavealsoshownthetotalmappingconstraint.
neralization
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r---------------------------------------
N
PRODUCT DEPARTMENT
Figure4.6Aggregation.
Figure4.7Generalizationin EfR Model.
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Generalizationarisesfromtheneedto categorizentitiesintosub-entitieswhere
eachof thesub-entitieswill havecategoryspecificdescriptiveattributesandcommon
attributesare listedwith the super-entity,which is aboveall of the sub-entities.in
Figure4.7ageneralizationis given.Thegeneralizationis in thediagramis givenas"IS
A" whereeveryemployeeis a shiftworkeror dayworkerand everyemployeeis a
permanentor temporaryemployee.
In Figure4.7,commonattributes,existingfor all employeesareattachedto the
EMPLOYEE entity. Employees are then categorized as SHIFT WORKER,
DAY_WORKER andTEMP, PERMANENT.
Shiftworkingemployeeshavebeenattributedwith starttimeandendtimeof
theirshifts.Day workershavebeenassignedwith office id, wheretheywork. In the
second"IS A" generalization,temporarilyemployeeshavetheattributecontractid and
permanentemployeeshavethe attributepayrollid. All employeeshave"id", "first
name","last name","birth date" and "datejoined company"attributesregardless
whethertheyare shift workingor dayworkingandwhethertheyaretemporarilyor
permanent.
4.2.5VariousDesignConsiderationin EIR Model
When modelingdatabasesystemsusing E/R model,thereare usually some
considerationsto betakeninto accountanddecisionto be madebasedon themodel.
Somedecisionpointsarewhethera concept,(or object)be modeledas an entityor
attribute?,Shouldit be a relationor anentityin theEIR model?,How shouldbethe
relationshipsdesigned,binary,ternary?Shouldaggregationbeusedornot?
Based on the answerson thesequestions,the E/R model is designedand
implemented.The answersto thesequestionsarecriticalfor thesuccessof themodel
andforrepresentingthereallifecasesinthedatabase.
What shouldbean entityandwhatshouldbeanattribute?
Oneofthebestexamplesto describethisproblemis theaddressof employeesin
adatabase.Therearetwo options,addresscanbeanattributeof EMPLOYEE entityor
itcanbea separate ntityandcanbe in a relationshipwith theEMPLOYEE entity.
Followingsarethequestionsweshouldbeansweringbeforea makinga decision
- Do we needto capturemanyaddressesfor an employee? Do employeeshave
multipleaddresses?
- Doemployeessharethesameaddresses?
- Do weneedto reporton sub-informationon addresses.for exampledo we have
querywhichreportsall employeeslivingin agivencity?
Oncethesequestionsareansweredwe will be ableto designaccordinglyandif all of
themare"YES" wewill needto designaddressasanentityratherthananattribute.
Shouldanobjectbean entityor relationship?
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The bestwayof tacklingthisproblemis to investigatetheconstraintsgivenin
therequirementsand answeringthe following questions.Does the modelfulfill the
requirementsanddoesit representthegivenscenariosby usinganobjectasanentityor
relationship?Are thereallife casesrepresentedwith entitiesandattributesor arethey
instancesof relationships?
Giventheexamplebelowof preliminarydesignof anEIR modelfor Employee
anddepartmententities,theemployeeentityhasa referenceto thedepartmententity
throughtheinitialattributeDEPARTMENT. This clearlyindicatesthatthereis a need
toarelationshipamongthetwopreliminaryentitiesEMPLOYEE andDEPARTMENT.
Mostof thetimes,theinitialdesignis refinedto createmorerelationshipsfor a database
definition.
EMPLOYEE {ill,NAME, SEX, ADDRESS, DEPARTMENT}
DEPARTMENT {NUMBER, NAME, LOCATION}
4.2.6E/R DiagramSymbolsand Notations
Differentsourceusedifferentsymbolsand notationsin modelinga database
usingEIR diagram.Thesymbolswewill beusingin thisthesisaregiveninFigure4.8.
ENTITY
II WEAK ENTITY II
Entity- 1 ~I Entity- 2
TotalparticipationofEntity-2 inRelationR
~RNIEntity- 1 Entity- 2
CardinalityM:N forEntity-l andEntity-2in R
Entity- 1 ~ Entity- 2
Structural constraints of minimum and
maximumparticipationof Entity-2 in relation
R (min,max)
Key attributesareunderlined.Partial attributes
in weakentitiesareQgl~b~d:J!Jl<i~.rlLn_e'p'
/,---- Derive~------ •
•. Attribute /
.••••.......- ---------- ---_ .
Figure4.8.Symbolsusedin E/R Diagram
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In the next Chapter,wherethe E/R diagramis given,we will simplify the
diagramby listingtheattributesof theentitiesseperatelyandnot showingin theE/R
diagram.
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Chapter5
A MIS DATABASE MODEL FOR MAN-POWER PLANNING
5.1Introduction
In thischapterwewill giveaMIS databasemodeldevelopmentfora man-power
planningdatabase.The developmentphasewill startwith theinitialdescriptionof the
system.the next step will be the E/R model of the databasefollowed by the
implementationof theconceptualmodelwith Sybasetool PowerDesigner©.The next
stepwill be the creationof the relationaldatabasefrom theconceptualmodel..The
databasemodelwe havedevelopedin thisstudyis basedon atheoreticalorganizational
requirementof adatabasesystem.
We havemadesomeassumptionsduringthis designwork. Theseareon the
requirementanalysis(systemanalysis)andactualimplementation.We will notpresent
thedetailsof therequirementanalysisandactualdatabaseimplementationi thisthesis.
Whatis morewe will not providethe businessapplicationsside of this work, i.e.
implementationf front-endMIS applicationsworkingagainstourdatabase.
Man-powerplanningandreportingis an importantaskin everyorganization.
Whatis more,manyorganizationalfunctionsshownin Figure2.7 actuallyrequirean
efficientman-powerplanningtool or platformto carryouttheir tasks.Whethera
companyis in manufacturingsectoror serviceprovider,man-poweris anessentialpart
fordeliveringthe productsor the services.In our modelwe will be designingthe
databasebasedonrequirementsof anorganizationin manufacturingarea.
Therearevariousproblemsand challengesin organizationsto be tackledto
carryouttheorganizationalfunctions.Theseproblemsarein onewayor theotheralso
relatedto theman-powerplanningproblem.As beingthe most valuableresourceof
operation,man-powerhasto be plannedefficiently.Therearemultiplepackagesand
solutionprovidersin themarketplacetodayon enterpriseresourceplanningsystems,
crewschedulingsystems,humanresourcesmanagementpackages,time attendance
systemsetc.Someof the majordevelopersare SAP, PeopleSoft, Oracle,JDEdward,
IBM andMicrosoft.
Our studyin this thesisis an attempto understandinformationanddatabase
systemsandtryto developa databasemodelfor anexperimentalenvironmentfor man-
powerplanning.Followingareasareconsideredin developingthedatabasemodel.
Productionand productionplanning:This includesto meetthe production
targetswithinthegivenconstraintsandqualitymetrics.Productionrequiresmanand
machineas resourcesoperate.Productionand productionplanningare basedon the
shorttermrequirementsandplans.The outputof productionplanningis theshortterm
productionschedules.
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- Physicalimplementationissuessuchas security, views, DBMS selection,front-end
userapplicationdesignarenotin thescopeof thiswork.But wewill begivinga sample
physicaldatabasecreation(scripts)for SybaseSQL ServerAnywhere5.5©
- InitialrefinementsareimplementedontheEIR model.We arenotgivingeverystepof
refinementduringtheEIR modeling.
PRODUCTION
~ ABSENTEEISM I
LOGISTICS
PRODUCTION
PLANNING
MAN-POWER
PLANNING
TRAINING
PERFORMANCE
ANALYSIS
Figure5.1RelationshipsBetweenFunctionsandMan-Power Planning.
5.3EIR Model Design
5.3.1DatabaseRequirementsSummary
DatabaseName: MAN-POWER PLANNING DATABASE.
The Man-PowerPlanningDatabaseis designedto accommodatedatafor an
organizationwhichmanufacturesa specifictypeof product.
Thecompanyis organizedasvariousdepartmentswherea departmentcanhave
multiplesub-departments.Within a departmentthere are different work-teams.
Departmentsown differentproductionlines,composedof productionmachineswhere
eachproductionmachineis in factcomposedof differentsub-machinesmakingup the
productionline.Machinesare locatedin differentareasand locations.Each areahas
differentlocationsassignedto it. The companyoperationis basedon an overall
organizationalc lendarwithaplannedversionandactualversion.
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The companyoperatesin daily shift basis.Therearedifferentshifts in a day
startingandendingatcertaintimesin atimesequentialway.Thereis alsoa regularday
shiftoperationin thecompany.
Crewsarecomposedof employees.Crewsareassignedto thedifferentworking
shifts.A crewhasa plannedandactualcalendar.Employeesin a crewcancomefrom
differentdepartment.An employeecanonlybein onecrewatatime.
Employeeshavequalificationsandjob titlesenablingthemto be assignedto
differentproductionmachines.Workerswithdifferentqualificationsareassignedto the
productionmachinesfor eachworkingshift.Productionmachineshavea listof required
qualifications.Productionis carriedout on a calendarbasiswheremachineshavea
productioncalendarfor operation.Differentactivitiesof operationcan be carriedout
ona givenmachineon differentdatesandshifts.Machinesalsoproduceproductsfor
whichdatais storedin a dailybasisfor eachshift.Employeesattendtrainingprograms
basedona trainingscheduleandon givenclassroomsanddates.Thetraininghavethe
purposeto givemorequalificationsto theemployees.An employeetrainingrecordis
keptforhistoryof attendedtraining.
Employeeactivitiesare plannedby employeecalendarand actualemployee
transactionsarekeptin actualemployeecalendar.
Employeetransportationis carriedoutwith shuttlesystemwherestationsand
shuttlesareassignedfor eachcalendardate.A shuttleservices multiplestationfor a
givendateandshift.A stationcanalsobeservicedby multipleshuttleon a givendate
andshift.
5.3.2PreliminaryEntity Design
{}Indicatesrelationalinformation.() Indicatescomposedattributes.Key attributesare
underlinedandboldface.
Below,theinitialentitydesignsaregiven.Thesearenotin anyformor shapeof
refinement.Thesepreliminarydesignshaveto beconvertedintodetailedentitiesand
relationshipsintheEIR model.
ORGANIZATIONCALENDAR
{WorkingCalendar-Planned}
{WorkingCalendar-Actual}
DEPARTMENT
Code, /* PrimarykeyfortheDEPARTMENT entitytype
Name, /* Shortname
Description, /* LongDescription
SuperDepartment, /* Super-Departmentthatthisdepartmentreportsto
Manager, /* ManagerfromEMPLOYEE entity
{WorkTeam}, /* Work teamsthatbelongtothedepartment
{ProductionMachines}/* Productionmachinesownedby department
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{CostCenter}
AREA
Code
Name
{Location}
/* CostCenterareasin adepartment.
EMPLOYEE
Code /* PrimaryKey forEMPLOYEE entitytype
(Name(FirstName,LastName,UserName))
SSN /* SocialSecurityNumber
(PersonalInformation(BirthDate,BirthPlace,MothersName,FathersName,
MaritalStatus,Sex,BloodType,Title,Nationality))
Address(AddressLine, City, Country,e-mail)
{JobTitle}
{Qualifications}
{CostCenter}
{Education}
{Company}
{Department}
{WorkingCalendar-Planned}
{WorkingCalendar-Actual}
{Crew}
(ContactInformation(FirstName,LastName,Address,PhoneNumber))
{ShuttleInformation}
{Activity}
{Vacation}
COMPANY
Code
Name
Address
PhoneNumber
FaxNumber
SHJFT
Code
Name
(Time(StartTime,EndTime))
Order
CREW
Code
Name
{WorkingCalendar-Planned}
{WorkingCalendar-Actual}
{Status}
PRODUCTIONMACHINE
{WorkingCalendar}
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{Status}
TRAININGACTIVITY
{Training}
{Status}
{Type}
{Attendees}
{Trainer}
{Classroom}
5.3.3DetailedEntity Design
Following the high-level requirementdescriptionand preliminary entity design,
thenext stepis the detail the E/R model for the entities.In this sectionevery entity of
themodel is describedand attributesare given. The next stepwill be the E/R diagram
givenin Section 5.3.4.The key attributesarebe underlinedandbold-faced.
Table 5.1 summarizesthe list of all entities followed by all entities with the
attributes.Figure 5.2 (a), (b), (c), (d), (e), (f), (g), (h) in Section 5.3.4 show the E/R
diagramof themodel in Figure 5.2.
Table5.1Entity List
Name
ACTIVITY
AREA
BLOODTYPE
CITY
CLASSROOM
COMPANY
COSTCENTER
COUNTRY
CREW
CREWCALENDAR ACTUAL
CREWCALENDAR PLANNED
CREWSTATUS
DEPARTMENT
EMPLOYEE
EMPLOYEE ACTIVITY
EMPLOYEECALENDAR ACTUAL
EMPLOYEE CALENDAR PLANNED
EMPTRAINING
INSTITUTE
JOBCATEGORY
JOBTITLE
LEVEL
LOCATION
Description
Productionactivitiesof the
ProductionMachines
Physicalareain thecompany
DifferentBloodTypes
City
Classroomsfor training
Company
CostCenterCodesin thecompany
Country
Crew
Actualcrewoperationcalendar
Plannedcrewoperationcalendar
Crewstatuscodes
Department
Employee
Employeeactivities
Actualemployeeoperationcalendar
Plannedemployeeoperationcalendar
EmployeeTraining
EducationalInstitutes
Job Categories
Job Titles
Educationlevelfor employees
Locationin thecompany
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Table5.1Continued.
MACillNETYPE
ORGANIZATION CALENDAR ACTUAL
ORGANIZATIONCALENDAR PLANNED
ORGANIZATIONST ATUS
PMCALENDAR
PMSCHEDULE
PMSTATUS
PRODUCT
PRODUCTIONMACHINE
QUALIFICATION
SIllFT
SHUTTLE
STATION
TITLE
TRAININGACTIVITY
TRAININGMASTER
TRAININGS TATU S
TRAININGTYPE
VACATIONENTITLEMENT
WORKCALENDARTYPE
WORKTEAM
Entities:
Productionmachinetypes
Actualcompanyoperationcalendar
Plannedcompanyoperationcalendar
CompanyOperationstatus
Productionmachinecalendar
Productionmachinecalendar
Productionmachinestatuscodes
product
Productionmachine
EmployeeQualification
Shift
Shuttle
Station
Title(initials)
Trainingevents
Trainingmastersetup
Trainingstatuscodes
Trainingtypes
Employeeannualvacation
entitlements
Typeof calendar(shiftnon-shift)
Workteams
ACTIVITY (CodeName,Description,DefaultAmount)
AREA (Code,Name)
BLOODTYPE (Code,Name)
CITY (Code,Name)
CLASSROOM (Code,Name)
COMPANY (Code,Name,AddressHQ,PhoneNumber,FaxNumber)
COSTCENTER (Code,Name,Description)
COUNTRY (Code,Name,Abbreviation)
CREW(Code,Name,Description)
CREWCALENDAR_ACTUAL (CalendarDate,TotalAmount,Notes)
CREWCALENDAR_PLANNED (CalendarDate,TotalAmount,Notes)
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CREWSTATUS (Code,Name,Description)
DEPARTMENT (Code,Name,Description,ManagerSince)
DEPENDENTS (FirstName,LastName,Relationship)
EMPLOYEE (Code,FirstName,LastName,UserName,Ssn,BankAccountNo,
BirthDate,BirthPlace,MothersName,FathersName,MaritalStatus,Sex,AddressLinel,
AddressLine2,AddressLine3,PostalCode,HomePhoneNumber,WorkPhoneNumber,
WorkExtension,PostLocation,FaxNumber,Email, ContactFirstName,
ContactLastname,ContactAddress,ContactPhoneNumber,DateJoined,LeftService,
DateLeftService)
EMPLOYEEACTIVITY (Code,Abbreviation,Name,Description,ActivityType,
WorkActivity,UnitofActivity,DisplayOrder,Display)
EMPLOYEECALENDAR_ACTUAL (CalendarDate,TotalAmount,Notes)
EMPLOYEECALENDAR_PLANNED (CalendarDate,TotalAmount,Notes)
EMPLOYEEHISTORY (RecordDate,Department,EduationLevel,Institute,JobTitle,
Company,Notes)
EMPTRAINING (Result,Notes)
INSTITUTION (Code,Name)
JOBCATEGORY (Code,Name,Description)
JOBTITLE (Code,Name,Description)
LEVEL (Code,Name,Description)
LOCATION (Code,Name)
MACHINETYPE (Code,Name,Description)
ORGANIZATION CALENDAR_ACTUAL (CalendarDate,TotalAmount,Notes)
ORGANIZATIONCALENDAR_PLANNED (CalendarDate,TotalAmount,Notes)
ORGANIZATIONSTA TUS (Code,Name,Description)
PMCALENDAR (ProductionDate)
PMDOWNTIMES (StartTime,EndTime)
PMSCHEDULE (PlannedProductionAmount,ActualProductionAmount,Defects)
PMSTATUS(Code,Name,Description)
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PRODUCT (Code,Name,Description)
PRODUCTIONMACHINE (Code,Name,Description,Active)
QUALIFICATION (Code,Name,Description)
SHIFT (Code,Name,StartTime,EndTime,Sequence)
SHUTTLE (Code,RegNumber,Driver,Capacity,Remarks)
STATION (Code,StationName,Address)
TITLE (Code,Name)
TRAININGACTIVITY (DateFrom,DateTo, Capacity,Notes)
TRAININGMASTER (Code,Name,Description,Notes)
TRAININGSTATUS (Code,Name)
TRAININGTYPE (Code,Name,Description)
VACATIONENTITLEMENT (EntitlementYear,VacationEntitlement,
VacationRemaining,CompensationBalance)
WORKCALENDARTYPE (Code,Name)
WORKTEAM (Code,Name,Description)
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5.3.4E/R Diagram
CCJobCategory
SuperDepartment
(0,1)
N
(O,N)
(O,N)
DEPARTMENT
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N
(0.1 )
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I BLOODTYPE 1 1_______ ---... (O,N)
I TITLE I
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COUNTRY
EmpAddressCityA
N
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N
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N
(0,1)
EmpVacEntitiement
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Figure 5.2(a)E/R Diagram 98
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1 1(O,N)
PMPMCaiendar
\)<ShifiPMCal ndarMACHINE TYPE
(1,1)
IN (1,1)I
PMClllcnuarAclivily
PMCALENDAR WORKTEAM
Work'l\:llIllPMCa\cndur
N
(0,1)
•
(0,1)
•
N
(0,1)
•
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Figure 5.2(c)EIR Diagram
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EMPLOYEEACTIVITY
(O,N) I 1 (O,N) (O,N) (O,N)
EmpActEmpCalAct
NN (1,1)
EMPLOYEE
N (1,1)(1,1)
EmpActEmpCalPln
EMPLOYEE CALENDAR_PLANNED EMPLOYEE CALENDAR_ACTUAL
(0,1) ~ N
(0,1)I N
1 I
CREW
(O,N)
II
'V
(1,1)
ShiftEmpCalPln ShiftEmpCalPln(1,1)/I
ShiftEmpCalPln <
> (O,N)ISHIFT I
(O,N) <
> ShiftEmpCalAct
Figure 5.2(d) E/R Diagram
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CSCCPln CREWSTATUS CSCCAct
(1,1) N N (1,1)
CREWCALENDAR_PLANNED CREWCALENDAR_ACTUAL
Figure 5.2 (e)E/R Diagram
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N
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PMCALENDAR PRODUCTIONMACHINE SHUTTLE
PMSCHEDULE
N II (1,1)
N I(0,1) I
LoeationPM
StationShuttle
(O,N) PMCalDowntimesN
(1,1)
LOCATION
ISTATION
PMCalendarPMSehedule
(O,N)1
•
N (1,1)
N (I, I) PMDOWNTIMES
(O,N)
ProductPMSehedule AreaLoeation StationEmployee
(O,N) (O,N) N (1,1)
PRODUCT AREA EMPLOYEE
Figure 5.2(f) E/R Diagram
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WCTypeCrew
ORGANIZATION CALENDAR _PLANNED
CREW
• N
(1,1)
WrkCalTypeOrgCalPln
(I, I) N
(O,N)
(O,N)
(I, I)
WrkCalTypeOrgCalAct
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) ShiftOrgCalAct
Figure 5.2(g)E/R Diagram
TTypeTraining
TRAININGMASTER
N
(D,I)
1
(D,N)
TRAININGTYPE
(D,N)
TMT
ClassRoomTraining N (1,1) TStatus
CLASSROOM TRAININGACTIVlTY TRAININGSTATUS
EMPLOYEE
(1,1)N
EmpTrailling
EMPTRAINING
(D,N)
(I, I)
Traini.11gEmpTraining
N
(D,N)
(D,N)
(D, I)N
(D,N)
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Figure 5.2(h)E/R Diagram
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5.3.5Relationshipsin theErR Model
AreaLocation
CCJ obCategory
ClassRoomTraining
CrewCrewCalAct
CrewCrewCalPln
CrewEmpCalAct
CrewEmpCalPln
CrewEmployee
CrewPMCalendar
CSCCAct
CSCCPln
DepartmentPM
DepartmentWorkTeam
DeptCostCenter
EmpActEmpCalAct
EmpActEmpCaIPln
EmpAddressCity
EmpAddressCountry
EmpCostCenter
EmpDependents
EmpEmpCalAct
EmpEmpHist
EmpJobTitles
EmployeCompany
EmployeeBType
EmployeeDepartment
EmployeeEmpCalPln
EmployeeQualification
EmployeeTitle
EmpMainJobTitle
EmpTraining
EmpVacEntitlement
EmpDependents
EmpHistory
PmCaIDowntimes
Instructor
LevelInstitution
LocationPM
Manager
Nationality
OrgStatOrgCalAct
OrgStatOrgCalPIn
PMCalendarActivity
PMCalendarPMSchedule
PMMachineType
PMPMCalendar
PMQualification
PMStatusPMCalendar
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ProductPMSchedule
Qualification
ShiftEmpCalAct
ShiftEmpCalPln
ShiftOrgCalAct
ShiftOrgCalPln
ShiftPMCalendar
StationEmployee
StationShuttle
SuperDepartment
SuperPM
TMT
TrainingEmpTraining
TStatus
TTypeTraining
WCTypeCrew
WorkTeamPMCalendar
WrkCalTypeOrgCalAct
WrkCalTypeOrgCalPln
DetailedDescriptionof Relationships
AreaLocation
Name: AreaLocation
Entity1: Area
Entity2: Location
Cardinality: Oneto Many
Entity2 dependentof Entity I: Yes
Entity1 -+ Entity2: Role:AreaMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+ Entity1:Role: Location Mandatory:Yes Dominant:No Min, Max: 1,I
CCJobCate 0
Name: CCJobCategory
Entity1: JobCategory
Entity2: CostCenter
Cardinality: Oneto Many
Entity2 dependentof Entity I: No
Entity1-+ Entity2:Role: JobCategoryMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+ Entity1:Role: CostCenterMandatory:Yes Dominant:No Min, Max: I, 1
CIassRoomTraining
Name: ClassRoomTraining
Entity1: ClassRoom
Entity2: TrainingActivity
Cardinality: Oneto Many
Entity2 dependentof Entity 1: No
Entity1-+Entity2: Role:ClassRoomMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: TrainingMandatory:No Dominant:No Min, Max: 0, I
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CrewCrewCalAct
Name: CrewCrewCalAct
Entity 1: Crew
Entity2: CrewCalendarActual
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity 1~ Entity2:Role:CrewMandatory:No Dommant:No Min, Max: 0,n
Entity2 ~ Entity1:Role:CrewCalActMandatory:Yes Dominant:No Min, Max: 1,1
CrewCrewCalPln
Name: CrewCrewCalPln
Entity1: Crew
Entity2: CrewCalendarPlanned
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1~ Entity2:Role:Crew Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role:CrewCalPlnMandatory:Yes Dominant:No Min, Max: 1,I
CrewEmpCaIAct
Name: CrewEmpCalAct
Entity1: Crew
Entity2: EmployeeCalendar_Actual
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2:Role: Crew Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: EmpCalActMandatory:No Dominant:No Min, Max: 0, 1
CrewEmpCalPln
Name: CrewEmpCalPln
Entity1: Crew
Entity2: EmployeeCalendar_Planned
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1~ Entity2:Role: Crew Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity 1:Role: EmpCalPlnMandatory:No Dominant:No Min, Max: 0, 1
CrewEmployee ,
Name: CrewEmployee
Entity1: Crew
Entity2: Employee
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2:Role: CrewMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: EmployeeMandatory:Yes Dominant:No Min, Max: 1,1
CrewPMCalendar
Name: CrewPMCalendar
Entity1: Crew
Entity2: PMCalendar
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2: Role: CrewMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: PMCalendarMandatory:Yes Dominant:No Min, Max 1, 1
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CSCCAet
Name: CSCCAct
Entity1: CrewStatus
Entity2: CrewCalendarActual
Cardinality: OnetoMany
Entity2 dependentof Entity1: Yes
Entity1~ Entity2:Role: CS Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: CCAct Mandatory:Yes Dominant:No Min, Max: 1,1
CSCCPln
Name: CSCCPill
Entity1: CrewStatus
Entity2: CrewCa1endarPlanned
Cardinality: OnetoMany
Entity2 dependentof Entity1: Yes
Entity1~ Entity2: Role: CS Mandatory:No Dominant:No Miu, Max: 0,n
Entity2 ~ Entity 1:Role: CCPill Mandatory:Yes Dominant:No Min, Max: 1,1
De artmentPM
Name: DepartmentPM
Entity1: Department
Entity2: ProductionMachine
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2:Role:DepartmentMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity 1:Role:PM Mandatory:No Dominant:No Min, Max: 0, 1
De artmentWorkTeam
Name: DepartmentWorkTeam
Entity1: Department
Entity2: WorkTeam
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2:Role: DepartmentMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: WorkteamMandatory:Yes Dominant:No Min, Max: 1, 1
De tCostCenter
Name: DeptCostCenter
Entity1: Department
Entity2: CostCenter
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2:Role: DepartmentMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity 1:Role: CostcenterMandatory:No Dominant:No Min, Max: 0, 1
EmActEm CalAet
Name: EmpActEmpCalAct
Entity1: EmployeeActivity
Entity2: EmployeeCalendar_Actual
Cardinality: OnetoMany
Entity2dependentof Entity1: Yes
Entity1~ Entity2: Role: EmpAct Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1: Role: EmpCalAct Mandatory:Yes Dominant:No Min, Max: 1,1
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EmpActEmpCalPln
Name: EmpActEmpCaIPln
Entity1: EmployeeActivity
Entity2: EmployeeCalendar_Planned
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1 ---+ Entity2: Role: EmpAct Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ---+ Entity1:Role: EmpCalPln Mandatory:Yes Dominant:No Min, Max: 1,1
Em AddressCi
Name: EmpAddressCity
Entity1: City
Entity2: Employee
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1---+ Entity2:Role: AddressCity Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ---+ Entity1:Role: EmployeeMandatory:No Dominant:No Mill, Max: 0, 1
EmrAddressCounL J
Name: EmpAddressCountry
Entity1: Country
Entity2: Employee
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1 ---+ Entity2: Role: AddressCountryMandatory:No Dominant:No Min, Max: 0,n
Entity2 ---+ Entity1:Role:EmployeeMandatory:No Dominant:No Mill, Max: 0, 1
EmpCostCenter
Name: EmpCostCenter
Entity1: CostCenter
Entity2: Employee
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1---+ Entity2: Role: CostCenterMandatory:No Dominant:No Min, Max: 0,n
Entity2 ---+ Entity1:Role: EmployeeMandatory:No Dominant:No Min, Max: 0, 1
EmpEmpCaIAct
Name: EmpEmpCalAct
Entity1: Employee
Entity2: EmployeeCalendar_Actual
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1---+ Entity2:Role: Emp Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ---+ Entity1:Role: EmpCaiAct Mandatory:Yes Dominant:No Min, Max: 1,1
EmpEmpHist
Name: EmpEmpHist
Entity1: Employee
Entity2: Emp10yeeHistory
Cardinality: Oneto Many
Entity2dependentof Entity1: Yes
Entity1---+ Entity2: Role: Emp Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ---+ Entity1:Role: EmpHist Mandatory:Yes Dominant:No Min, Max: 1,1
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EmpJobTities
Name: EmpJobTities
Entity1: JobTitie
Entity2: Employee
Cardinality: ManytoMany
Entity2 dependentof Entity1: No
Entity1 -+Entity2:Role: JobTitieMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: EmployeeMandatory:No Dominant:No Min, Max: 0,n
Em 10 eeCom
Name: EmployeCompany
Entity1: Company
Entity2: Employee
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1-+Entity2: Role:CompanyMandatory:No Dominant:No Min, Max:0,n
Entity2 -+Entity1:Role: EmployeeMandatory:Yes Dominant:No Min, Max: 1,1
Em 10 eeBT e
Name: EmployeeBType
Entity1: BloodType
Entity2: Employee
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1 -+Entity2:Role: BloodTypeMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: EmployeeMandatory:No Dominant:No Min, Max: 0, 1
Em 10 eeDe artment
Name: EmployeeDepartrnent
Entity1: Department
Entity2: Employee
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1-+Entity2: Role: DepartmentMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: EmployeeMandatory:Yes Dominant:No Min, Max: 1,1
Em De endents
Name: EmpDependents
Entity1: Employee
Entity2: Dependents
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1-+Entity2: Role: EmpMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: DependentsMandatory:Yes Dominant:No Min, Max: 1,1
Em 10 eeEm CalPln
Name: EmployeeEmpCaIPln
Entity1: Employee
Entity2: EmployeeCalendar_Planned
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1-+Entity2:Role: EmployeeMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: EmpCalPln Mandatory:Yes Dominant:No Min, Max: 1,1
III
EmployeeQualification
Name: EmployeeQualification
Entity1: Employee
Entity2: Qualification
Cardinality: Manyto Many
Entity2 dependentof Entity1: No
Entity 1~ Entity2: Role: EmployeeMandatory:Yes Dominant:No Min, Max.: 1,n
Entity2 ~ Entity l: Role: QualificationMandatory:Yes Dominant:No Min, Max: 1,n
EmployeeTitle
Name: EmployeeTitle
Entity l: Title
Entity2: Employee
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1~ Entity2: Role: Title Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity l: Role: EmployeeMandatory:No Dominant:No Min, Max: 0, 1
Em MainJobTitie
Name: EmpMainJobTitle
Entity1:
JobTitle
2
loyee
Cardinality:
Onet Many
dependentof Entity1:
No
i ~ Entity2: Role: JobTitle Mandatory:No Dominant:No Min, Max: 0,nI
Entity2 ~ Entity1: Role: EmployeeMandatory:Yes Dominant:No Min, Max.:1,1I
EmpTraining Name:
Tr ing
i l:
l
i li
oYes
tit tit 2: Role: Emp oyeeMandatory:No Domi ant:No Min, Max: 0,nEntity2 ~ Entity1: Role: Training Mand tory:Yes Dominant:No Min, Max:
1,1
EmpVacEntitiement
VacEntitlem nt
i
E pl
En y
VacationE titlement
Cardinality:
net
i E p Mandatory:No Dominant:No MiD, Max: 0,nl VacE titlementMandatory:Yes Dominant:No Min, Max:
1,1
Instructor :
Instructor
tit
m l yeeTrainingAc vity
r i lit :
O to Ma y
l:
N
Entity En y Entity1: R le: Training andatory:N Dominant:No Min, Max: 0, 1
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-
Levellnstitution
Name: LevelInstitution
Entity1: Level
Entity2: Institution
Cardinality: Manyto Many
Entity2 dependentof Entity l: No
Entity1~ Entity2: Role: Level Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1: Role: InstitutionMandatory:No Dominant:No Min, Max: 0,n
LocationPM
Name: LocationPM
Entity1: Location
Entity2: ProductionMachine
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2: Role: Location Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity l: Role: PM Mandatory:No Dominant:No Min, Max: 0, 1
Manager
Name: Manager
Entity1: Employee
Entity2: Department
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1~ Entity2: Role: ManagesMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1: Role: ManagedBy Mandatory:No Dominant:No Min, Max: 0, 1
Nationa1i
Name: Nationality
Entity1: Country
Entity2: Employee
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1~ Entity2: Role: Country Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity l: Role: EmployeeMandatory:No Dominant:No Min, Max: 0, 1
Or StatOr CalAct
Name: OrgStatOrgCalAct
Entity1: OrganizationStatus
Entity2: OrganizationCalendar_Actual
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1~ Entity2:Role: OrgStatMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: OrgCalAct Mandatory:Yes Dominant:No Min, Max: 1,1
OrgStatOrgCalPln
Name: OrgStatOrgCalPln
Entity1: OrganizationStatus
Entity2: OrganizationCalendar_Planned
Cardinality: OnetoMany
Entity2 dependentof Entity l: Yes
Entity1~ Entity2:Role: OrgStatMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entityl: Role: OrgCalPln Mandatory:Yes Dominant:No Min, Max: 1,1
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PMCaIDowntimes
Name: PMCalDowntimes
ty 1: PMCalendar
rty2: PMDownTimes
dinality: OnetoMany
ty 2 dependentof Entity1: Yes
ty 1~ Entity2:Role: PMCal Mandatory:No Dominant:No Min, Max: 0,n
ty 2 ~ Entity1:Role: DowntimesMandatory:Yes Dominant:No Min, Max: 1, I
lendarAetivi
ame: PMCalendarActivity
trty1: PMCalendar
trty2: Activity
dinality: Manyto Many
trty2 dependentof Entity1: No
ty 1~ Entity2:Role: PMCalendarMandatory:Yes Dominant:No Min, Max: 1,n
ntrty2 ~ Entity1:Role: ActivityMandatory:Yes Dominant:No Min, Max: 1,n
lendarPMSehedule
ame: PMCalendarPMSehedule
ty 1: PMCalendar
rty2: PMSehedule
dinality: OnetoMany
rty2 dependentof Entity1: Yes
tIty 1~ Entity2:Role: PMCalendarMandatory:No Dominant:No Min, Max: 0,n
rty2 ~ Entity1:Role: PMSeheduleMandatory:Yes Dominant:No Min, Max: 1,1
aehineT e
ame: PMMaehineType
tity 1: MaehineType
ity2: ProductionMaehine
dinality: Oneto Many
tity2 dependentof Entity1: No
ity 1~ Entity2: Role: MaehineTypeMandatory:No Dominant:No Min, Max: 0,n
tity2 ~ Entity1:Role: PM Mandatory:No Dominant:No Min, Max: 0, 1
MCalendar
me: PMPMCalendar
ity 1: ProductionMaehine
ity2: PMCalendar
ardinality: Oneto Many
ity2 dependentof Entity1: Yes
tity1~ Entity2:Role: PM Mandatory:No Dominant:No Min, Max: 0,n
ity2 ~ Entity1: Role: PMCalendar Mandatory:Yes Dominant:No Min, Max: 1,1
ualifieation
ame: PMQualification
ntity1: Qualification
tity2: ProductionMaehine
ardinality: Manyto Many
ntity2dependentof Entity I: No
tity1~ Entity2:Role:QualificationMandatory:No Dominant:No Min, Max: 0,n
ntity2 ~ Entity1:Role:ProductionMaehineMandatory:No Dominant:No Min, Max: O,n
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PMStatusPMCalendar
Name: PMStatusPMCalendar
Entity I: PMStatus
Entity2: PMCalendar
Cardinality: Oneto Many
Entity2 dependentof Entity] : No
Entity1 -+Entity2:Role: PMStatusMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: PMCalendarMandatory:Yes Dominant:No Min, Max: ],]
ProductPMSchedule
Name: ProductPMSehedule
Entity1: Product
Entity2: PMSehedule
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity] -+Entity2: Role: ProductMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity I: Role: PMScheduleMandatory:Yes Dominant:No Min, Max: ],]
Qualification
Name: Qualification
Entity1: Qualification
Entity2: TrainingActivity
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1 -+Entity2: Role: QualificationMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1: Role: Training Mandatory:No Dominant:No Min, Max: 0, I
ShiftEmpCaIAct
Name: ShiftEmpCalAct
Entity1: Shift
Entity2: EmployeeCalendar_Actual
Cardinality: OnetoMany
Entity2 dependentof Entity] : Yes
Entity1 -+Entity2:Role: Shift Mandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role:EmpCalAct Mandatory:Yes Dominant:No Min, Max: 1,1
ShiftEmpCalPln
Name: ShiftEmpCalPln
EntityI: Shift
Entity2: EmployeeCalendar_Planned
Cardinality: OnetoMany
Entity2 dependentof Entity I: Yes
Entity1-+Entity2:Role: ShiftMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: EmpCalPlnMandatory:Yes Dominant:No Min, Max: 1,1
ShiftOrgCaIAct
Name: ShiftOrgCalAct
Entity1: Shift
Entity2: OrganizationCalendar_Actual
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1-+Entity2:Role: ShiftMandatory:No Dominant:No Min, Max: 0,n
Entity2 -+Entity1:Role: OrgCalActMandatory:Yes Dominant:No Min, Max: ], 1
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ShiftOrgCalPln
Name: ShiftOrgCalPln
Entity1: Shift
Entity2: OrganizationCalendar_Planned
Cardinality: OnetoMany
Entity2 dependentof Entity1: Yes
Entity1~ Entity2: Role: Shift Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: OrgCalPln Mandatory:Yes Dominant:No Min, Max: 1,1
ShiftPMCalendar
Name: ShiftPMCalendar
Entity1: Shift
Entity2: PMCalendar
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1~ Entity2:Role: ShiftMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: PM CalendarMandatory:Yes Dominant:No Min, Max: 1,1
StationEmployee
Name: StationEmployee
Entity1: Employee
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1~ Entity2:Role: StationMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: EmployeeMandatory:No Dominant:No Min, Max: 0, 1
StationShutlle
Name: StationShuttle
Entity1: Station
Entity2: Shuttle
Cardinality: ManytoMany
Entity2 dependentof Entity1: No
Entity1~ Entity2: Role: StationMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: ShuttleMandatory:No Dominant:No Min, Max: 0,n
SuperDepartment
Name: SuperDepartment
Entity1: Department
Entity2: Department
Cardinality: Oneto Many
Entity2dependentof Entity1: No
Entity1~ Entity2:Role: SuperMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: SubMandatory:No Dominant:No Min, Max: 0, 1
SuperPM
Name: SuperPM
Entity1: ProductionMachine
Entity2: ProductionMachine
Cardinality: OnetoMany
Entity2dependentof Entity 1: No
Entity1~ Entity2: Role: Super Mandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1:Role: Sub Mandatory:No Dominant:No Min, Max: 0, 1
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TMT
Name: TMT
Entity1: TrainingMaster
Entity2: TrainingActivity
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1 -» Entity2: Role: TM Mandatory:No Dominant:No Min, Max: 0,n
Entity2 -» Entity1: Role: Training Mandatory:Yes Dominant:No Min, Max: 1,1
Trainin Em Trainin
Name: TrainingEmpTraining
Entity1: TrainingActivity
Entity2: EmpTraining
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1-» Entity2: Role: Training Mandatory:No Dominant:No Min, Max: 0,n
Entity2 -» Entity1:Role: EmpTrainingMandatory:Yes Dominant:No Min, Max: 1,1
TStatus
Name: TStatus
Entity1: TrainingStatus
Entity2: TrainingActivity
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1 -» Entity2: Role: StatusMandatory:No Dominant:No Min, Max: 0,n
Entity2 -» Entity1:Role: TrainingStatusMandatory:No Dominant:No MiD,Max: 0, 1
IT eTrainin
Name: TTypeTraining
Entity1: TrainingType
Entity2: TrainingMaster
Cardinality: Oneto Many
Entity2 dependentof Entity 1: No
Entity1 -» Entity2:Role: TT Mandatory:No Dominant:No Min, Max: 0,n
Entity2 -» Entity1:Role: Training Mandatory:No Dominant:No Min, Max: 0, 1
WCTypeCrew
Name: WCTypeCrew
Entity1: WorkCalendarType
Entity2: Crew
Cardinality: OnetoMany
Entity2 dependentof Entity1: No
Entity1 -» Entity2: Role: WCType Mandatory:No Dominant:No Min, Max: 0,n
Entity2 -» Entity 1: Role: Crew Mandatory:Yes Dominant:No Min, Max: 1,1
WorkTeamPMCalendar
Name: WorkTeamPMCalendar
Entity1: WorkTeam
Entity2: PMCalendar
Cardinality: Oneto Many
Entity2 dependentof Entity1: No
Entity1 -» Entity2:Role: WorkTeam Mandatory:No Dominant:No Min, Max: 0,n
Entity2 -» Entity 1: Role: PMCalendar Mandatory:Yes Dominant:No Min, Max: 1,1
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WrkCalT
Name: WrkCalTypeOrgCalAct
Entity1: WorkCalendarType
Entity2: OrganizationCalendar_Actual
Cardinality: Oneto Many
Entity2 dependentof Entity I: Yes
Entity1~ Entity2:Role: WrkCalTypeMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1: Role: OrgCalAct Mandatory:Yes Dominant:No Min, Max: 1,1
WrkCalTypeOrgCalPln
Name: WrkCalTypeOrgCalPln
Entity1: WorkCalendarType
Entity2: OrganizationCalendar_Planned
Cardinality: Oneto Many
Entity2 dependentof Entity1: Yes
Entity1~ Entity2:Role: WrkCalTypeMandatory:No Dominant:No Min, Max: 0,n
Entity2 ~ Entity1: Role: OrgCalPln Mandatory:Yes Dominant:No Min, Max: 1,1
ConceptualModel of theDatabase
The initial E/R model is translatedinto the conceptualmodel in Sybase
PowerDesigner©(DataArchitect).In this representation,following symbolsshownin
Figure5.3areusedfortheentitiesandrelationshipsin themodel.
1 ~LOCation Area I
A 50 : '- AreaLocation J
i y-
Location
- Code
Name
,
, OtherAttributes
EntityName
!
RelationshipName
Typeandroles
Area
Code I
Name A50
AttributeDataType
Figure5.3.Entity RelationshipRepresentationin ConceptualModel
In Figure5.4theconceptualmodelof thedatabasecreatedby DataArchitectis
given.This is a is a one-to-onetranslationof the originalE/R Model into theData
Architectsconceptualmodelformat.We will be usingthis conceptualmodelandthe
featuresof the tool to compileandcheckto modelandcreatethe relationalschema
(physicalmodel)fromit. In the
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~5.4DatabaseSchemaCreation (E/R To RelationConversion)
In thisSectionwewill givedetailsof thedatabaseschemacreatedfromtheE/R
(conceptualmodel)in previoussection.Entitiesandrelationsshipsaretranslatedintotableobjectsin the phy icaldatabas schema.T ble detailsandtheirsourceobjects(entity r relationship)
aregivenin Table5.2.Furtherin the followingsectiontable
attributes,indexes,referencelistsandschemadomainlist is given.
5.4.1.Tables
Table5.2.Table ListABLE NAME
SOURCE
T ACTIVITY
Entity ACTIVITY
REA
R 4
BLooD PE
i BLOODTYPE
CITY
CITY
C ASSROOM
ASSROOM
T OMPANY
i OMPANY
OSTCENTER
STCENT R
UN RY
UNTR
W
W
CAL NDAR ACTUAL
CALENDAR ACTUAL
PLANNED
t t PLANll/ED
STA US
S A US
DEP RTM T
DEPAR M T
ENDENT
En i y ENDENTS
EM LOY E
EM LOY E
ACTIVITY
4CTIVITY
CALEND R CTUAL
CALEND R ACTUAL
T A P ANNED
PLANNED
HI TOR
tit HI TOR
JOB ITLE
Rela ionshipEMPJOB TLES
QU LIFIC TIO
t L YEEOUAJJFICA ION
AINI G
TR I ING
NSTITUT
INS U E
LEVEL
L V JJ STIT TIO
J BC T GORY
JOBC G R
J B rILE
En i y I L
L V L
LEVEL
A I
t t CA O
M HIN YPE
MA HIN TYPE
T RG IZA ONCALENDAR CTUAL
O G IZ IONCALEND R ACTUAL
PLANNED
i R PLANNED
S ATUS
I I S A US
P C IVI HOU S
ela ionship CAL D R CTIVITY
DAR
PM DA
D W TIM S
Enti y DOWN M
QU LIFI ION
R l ti i PMQUAJJFI TION
H DUL
HEDULE
TA US
TUS
O C
R DU
NMACHI E
l NM HINE
T QU FIC I
it OUAJJFI TI N
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~
Table5.2Continued
T SHlFf Entity SHIFt
T SHUTfLE
v UITLE
TATION
TATION
SHUTfLE
RelationshipSTA710NSHUTTLE
T TITLE
TITLE
R ININGACTIVITY
R INl GACTIVlTY
MASTER
I MASTER
STATUS
STATUS
T I I TYPE
TYPE
VACATIONEN ITLEMENT
VACA710NEN ITLEMENT
WORKCAL DARTYPE
WORKCALENDARTYP
T A
TEA
Table5.2liststhetablescreatedfromtheE/R (conceptual)model.Below,thedetailsof
eachtableis given.
TABLE: ACTIVITY
ColumnList
Name Typep'M
CODE
integerYesYes
NAME
char(50)NoNo
SCRIPTION
lOO)
FAULT AMOUNT
numenc
IndexList
IndexName
T ACTIVITY PK
Column Name
CODE
Sort
ASC
TABLE: AREA
ColumnList
CODE
Name TypePM
,CODE
integerYesYes
NAME
char(50)NoNo
IndexLIst
IndexName
T AREA PK
Column Name
CODE
Referenceb List
Referencedb
LOCATION CODE
P: PrimaryKey, M: Mandatory
P:PrimaryIndex,F: ForeignIndex,U: UserDefined,C: Clustered
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TABLE: BLOODTYPE
Column List
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
Index List
Index Name
T BLOODTYPE PK- - CODE
Column Name
Refercncc by List
Referencedby
T EMPLOYEE
TABLE: CITY
Column List
CODE
Primary Key Foreign Key
f3LOODTYPECODE
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
Index List
Index Name
T CITY PK- - CODE
Column Name
Referenceby List
Referencedby
T EMPLOYEE
TABLE: CLASSROOM
Column List
CODE
Primary Key Foreign Key
ADDRESSCITYCODE
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
fnJcx List
Index Name
T CLASSROOM PK- - CODE
Column Name
Referenceby List
Referencedby
T TRAININGACTIVlTY
TABLE: COMPANY
ColumnList
CODE
Primary Key Foreign Key
CLA CODE
Name TypePi\l
CODE
integerYesYes
NAME
chal"(50)NoNo
A DRESSHQ
r(J0
PI-IONENUMBER
II)
Fi\XNUMBER
ll
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Index List
Index Name
T COMPANY PK- - CODE
Column Name
Reference by List
Referencedby
T EMPLOYEE
TABLE:COSTCENTER
Column List
CODE
Primary Key Foreign Key
COMPANYCODE
Name TypePM
CODE
char(20)YesYes
DEPARTMENTCODE
integerNoNo
JOBCATEGORYCODENAME
50)
SC IPTI N
1 0)
Index List
Index Name PFUC Column NameSort
T COSTCENTER PK
YesNoYesODE ASC- - DEPTCOSTCENTER FK NoDEPARTMENTCODE
C JOBCATEGORY FK
JOBCATEGORYCODE
Referenceto List
Referenceto Primary KeyFore gn Key
T JOBCATEGORY
CODEJOBCATEGORYCODE
T DEPARTMENT
DEPARTMENTCODE
Referenceby List
Referencedby
T EMPLOYEE
TABLE: COUNTRY
Column List
CODE
Primary Key Foreign Key
COSTCENTERCODE
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
ABBREVIATION
)
IndexList
Index Name
T COUNTRY PK- -
Referenceby List
CODE
Columll Name
Referencedby Primary KeyForeign Key
T EMPLOYEE
CODEADDR SSCOUNTRYCODE
T EMPLOYEE
NA TIONALITYCODE
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TABLE: CREW
Column List
Name TypePM
CODE
integerYesYes
WOIU<.lNGCALENDARTYPECODE
No
NAME
char(SO)No
DESCRlPTION
tOO)
Index List
Index Name PFUC Column NameSort
T CREW PK
YesNoYesODE ASC- - WCTVPECR[W FK NoW RKTNGCALENDARTYPEC
ODE
Referenceto List
Referenceto Primary KeyForeign Key
T WORKCALENDARTVPE
CODEWORKfNGCALENDARTY
PECODE
Referenceby List
Referencedby Primary KeyForeign Ke
T CREWCALENDAR ACTUAL
CODECREWCODE- - T CREWCALENDAR PLANNEDEMPLOYEECALENDAR ACT- UAL
T EMPLOYEECALENDAR PLAN
NED
T PMCALENDAR
TABLE: CREWCALENDAR ACTUAL
Column List
Name TypePM
CREWCODE
integerYesYes
CALEN ARDATE
date
REWST TUSCODETOTALAMO N
realNoNo
N S
ch r(SO)
Index List
Indcx Namc PFUC Column NameSort
T CREWCALENDAR ACTUA
NoNoYesREWST ATUSCOD E ASC- - L PK CREWCODE
CALENDARDATECREWCREWCALACT FK
o CODE
SCCA T FK
Referenceto List
Referenceto Primary KeyForeign Key
T CREW
CODECREWCODE
T CREWSTATUS
STA TUSCODE
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TABLE: CRKWCALENDAR PLANNED
ColumnList
Name TypePM
CREWCODE
integerYesYes
CALEN ARDATE
date
REWST TUSCODETOTALAMO N
realNoNo
N S
char(SO)
IndexList
Index Name PFUC Column NameSort
T CREWCALENDAR PLANN
NoNoYesREWSTA TUSCODE ASC- - ED PK CREWCODE
CALENDARDA TECREWCREWCALPLN FK
CODE
SCCPLN FK
A E
Referenceto List
Referenceto Primary KeyFore gn Key
TCREW
CODECREWCODE
T CREWST ATUS
STATUSCODE
TABLE: CREWSTATUS
ColumnList
Name TypePM
CODE
integerYesYes
NAME
char(SO)NoNo
DESCRIPT[ON
lOO)
Index List
Index Name
T CREWSTATUS PK- -
Referenceby List
CODE
Column Name
Referencedby Primary KeyForeign Key
T CREWCALENDAR ACTUAL
CODECREWSTA TUSCODE- - T CREWCALENDAR PLANNED TUSCODE
TABLE: DEPARTMENT
ColumnList
Name TypePM
CODE
integerYesYes
SUPERDEPARTMENTCODE
NoNo
MANAGERCODE
d
N ME
char(SO)
DESC lPTION
lOO)
Sf C
date
IndexList
Index Name PFUC Co[umn NameSort
T DEPARTMENT l'K
YesNoYesODE ASC- - R_SUPERDEPARTMENTJK NoSUPERDEPARTMENTCODE
R MPLOYEEDEPARTMENT
MANAGERCODE
MGR FK
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Rererenceto List
Refcrcncc to Primary KcyForcign Kcy
T EMPLOYEE
CODEM1\N1\GERCODE
T D PARTMENT
SUPERDEPARTM NTCOD
E
Referenceby List
Refc"cncc<!by Primary KcyForcign Kc
T PRODUCTIONMACHINE
CODEDEPARTMENTCODE
T WORKTEAMSTCENTEREMPLOYEEDE ARTM NT
SU E DEPARTMENTCOD
E
TABLE: DEPENDENTS
Column List
Namc TypcrM
EMPLOYEECODE
integerYesYes
FIRSTNAME
char(50)NoNo
LASTNA ERELATIONSHIP
25
[ndexList
Index Name
T DEPENDENTS PK- -
Column Name
EMPLOYEECODE
Rcrcrcncc 10 List
nefcrcllcc to
T EMPLOYEE
TABLE: EMPLOYEE
ColumnList
CODE
Prima,"yKcy FOI"cignKcy
EMPLOYEECODE
Name TypePM
CODE
integerYesYes
CaMP ANYCODE
No
DEPARTMENTCODER WCODEOSTCENT R
char(20)No
TITLE ODF NAM
5
LA NAUSER
8)
S NB K CCOUNTNO
5
IRTHDAT
date
PLA EMO ERSNAMTIIERSNAMEARIT L T A US
!)
X
r(1
ADDR UNE 1
)
t\ LI 2l 3P L D
chaf 0)
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Name TypePM
ADDRESSClTYCODE
integerNoNo
ADDRESSCOUNTRYCODEHOMEPHONENUMBER
char(11)
W RKEXTENSION
S)
FAXNUMB R
ll
EMAIL
00)
C NTA Trr TNAME
O)
A LAADDRESS
2S0)
PHO NUMBERD TEJOlNE
date
LEFT R VI E
)
A L r SERVICEnLOO1)'I'YPI':CO[)E
i
UC T I .FVFLlNS TU rIO C()[)J08 LECSTATI NCODN I NALITY DEPIC UR
longbinary
S C l
IndexList
Index Name PFUC Column NameSort
T EMPLOYEE PK
YesNoYesODE ASC- - R EMPLOYEEDEPARTMENT -
No
DEPARTMENTCODE
FK R EMPLOYEETlTLE FK
NoTITLECOD- EMPLOYEE8LOODTYPE FKBLOOD YPECODE,
EMPADDRESSClTY rK
AD RESSCITYC E
OUNTRY FK
OUNTRYCODE
LOYECOM ANY FK
MPANY DE
C ST ENTER FK
ST ENT R
J BTITLE FK
JOBTITLECODE
CREWEMPLOYE FK
REWCOD
STATI NEMPLOYEE
STA IO
NATIONALITY FK
AT ONALITY E
Referencelo List
Rcfcl-enceto Primary KeyFore gn Key
T CREW
CODECREWCODE
T CITY
ADDR SSCITYCODE
OUNTRY
OUNTRYCODE
STCENTER
OSTCENT RCOD E
MPAN
MPANY DE
BLOODT P
I3L ODT PECODE
DEPARTMENT
DEPARTMENT
INSTITUTELEVEL
L VELCODEE UC IO LEVELCODE
INSTlTUTIONCODE
TN lTUTION E
T LE
ITLE OD
JOB LE
JOBTIT EC DNA I NALITY
T S A IO
STA IO E
l27
Refcrcnce by List
Refcrcnccd by
T DEPENI)FNTS
T EMPLOYI~EC!\LEND!\R ACT- -
UAL
T EMPLOYEEHISTORY
T _ EMPLO Y r~EC)U!\LIFIC!\TION
T EMPLOYEEJOBTITLE
T EMPLOYEECALENDAR PLAN- -
NED
T EMPTRAINING
T V ACA TIONENTITLEMENT
T TRAININGACTIVITY
T DEPARTMENT
CODE
CODE
CODE
CODE
CODE
CODE
CODE
CODE
CODE
CODE
Primary Kcy FOI"cign Kcy
EMPLOYEECODE
EMPLOYEECODE
CODE
EMPLOYEECODE
EMPLOYEE CODE
EMPLOYEECODE
EMPLOYEECODE
EMPLOYEECODE
[NSTRUCTORCODE
MANAGERCODE
TABLE: EMPLOYEEACTIVITY
Column List
Namc
CODE
ABBREVIA TION
NAME
DESCRIPTION
ACTIVITYTYPE
WORKACTIVITY
UNITOF ACTIVITY
DISPLA YORDER
DISPLAY
Typc
integer
char(2)
char(SO)
char(IOO)
char(2)
numeric(l)
char(l)
smallint
numeric(l)
Yes
No
No
No
No
No
No
No
No
p M
Yes
No
No
No
No
Yes
No
Yes
Yes
Index List
Indcx Namc
T EMPLOYEEACTIVITY PK
Column Namc
CODE
Referenccby List
Rcfcrcnccd by Primary Kcy
T EMPLOYEECALENDAR ACT CODE- -
UAL
T EMPLOYEE CALENDAR PLAN CODE- -
NED
TABLE:EMPLOYEECALENDAR ACTUAL
Column List
Foreign Key
EMPLOYEEACTIVITYCO
DE
EMPLOYEEACTIVITYCO
DE
Name
CALENDARDA TE
SHIFTCODE
EMPLOYEECODE
EMPLOYEEACTIVITYCODE
TOTALAMOUNT
NOTES
CREWCODE
Type
date
char(l)
integer
integer
real
char(SO)
integer
Yes
Yes
Yes
Yes
No
No
No
P M
Yes
Yes
Yes
Yes
No
No
No
IndexList
Index Name P
T EMPLOYEECALENDAR AC No- -
TUAL PK
F U C
No Yes No
Column Name
EMPLOYEECODE
EMPLOYEEACTIVITYCODE
SHIFTCODE
Sort
ASC
ASC
ASC
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Index N:lJlle PFUC Column NameSort
CALENDARDA TE
ASC
T EMPLOYEEC/\LENDI\R AC
NoNoYesEMPLOYEECODE- - TUI\L I'K EMPLOYEEACTlVlTYCODEI\
SHIFTCODECALENDARDATEEMPI\CTEJ'\lIJ' A ACT FK
ACTIVlTYCODE
E PEMPCA LACTJKCR WEMPCA _FK
REWCODE
SHlFTE P L T F
SHlFT
Reference to List
Referenceto Primary KeyFore gn Key
T CREW
CODECREWCODE
T EMPLOYEEACTlVITY
EMPLOYEEACTlVITYCO
DE
CODE
SIIIFT
SlIIfTCOD
TABLE: EMPLOYEECALENDAR PLANNED
Column List
Name TypePM
CALENDARDA TE
dateYesYes
SHIFTCO E
char(1)
EMPLOYEECODE
integer
CTlVlTYCOD ECREW
NoNo
TOTAL MOUNT
real
N ES
SO)
InJcx Lis!
Index Name PFUC Column NameSort
T EMPLOYEECALENDAR PL
NoNoYesEMPLOYEECODE ASC- - ANNED f'K EMPLOYEEACTIVlTYCODE
SHIFTCODECALENDARDATEEMPACTEMI'CI\LPLN FK
ACTIVlTYCODE
SHlFTEMPCALP N fK
SHIFTCODE
LOY M CA PLN FKCREWE P LP FK
REW
Referenceto List
Referenceto Primary KeyFore gn Key
T CREW
CODECREWCODE
T EMPLOYEEACTIVITY
DEEMPLOYE ACTlVITYCO
DE
CODE
SHIFT
SHIFT ODE
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TABLE: EMPLOYEEHISTORY
ColumnList
Name TypePM
CODE
integerYesYes
RECORDDt\TL
dateNoNo
EDUCt\TION [YVEI,
char(50)
lNSTlTUTlJOB I LECOMPANYN TES
lOO)
D PA ME T
IndexList
Index Name
T EMPLOYEEHISTOR Y PK- - CODE
Column Name
ReferencetoList
Hcferenceto
T EMPLOYEE CODE
Primary Key Foreign Key
CODE
TABLE: EMPLOYEEJOBTITLE
ColumnList
Name TypePM
JOBTITLECODE
integerYesYes
EMP OYEECODEDATEFR M
dateNoNo
TOAC IV
numenc(l)
Index List
Index Name PFUC Column NameSort
T EMPLOYEEJOBTlTLE
PKYesNoYesJOBTlTLECODE ASC- EMPLOYEECODE
JOBTITLE FK
Noo I
EMPLOYE FK2
EMPLOYEECODE
Referenceto List
Referenceto Primary KeyForeign Key
T EMPLOYEE
CODEEMPLOYEECODE
T JOBTITLE
JOBTITLECODE
TABLE: EMPLOYEEQUALIFICATION
Collill1nList
Name TypePM
EMPLOYEECODE
integerYesYes
QUALIFICATIONCODEDATEFROM
dateNoNo
TOAC IV
numeric(l)
IndexList
Index Name PFUC Column NameSort
T_EMPLOYEEQUALIFICA TIO
YesNoYesEMPLOYEECODE ASC
N PK
QUALIFICATIONCODE
EMPLOYEE FK
No
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Index Name
QUALIFICA TION _FK2
Reference10 List
Column Name
QUALIFTCA TIONCODE
Referenceto Primary KeyForeign Key
T EMPLOYEE
CODEEMPLOYEECODE
T QUALIFICATION
QUA IFICATI NCODE
TABLE: EMPTRAlNING
Column List
Name TypePM
TRAININGCODE
integerYesYes
EMPLOYEECO DERESULT
char(SO)NoNo
NOTES
r( 100)
Index List
Index Name PIIUC Column NameSort
T
EMPTRJ\JNING PK YesNoYesT AI I CODE ASC- EMPLOYEECODE
EMPTRAINING FK
NoEMPLOYEECODE
TRAINTNGEMPTRAINTNG
fKNo
Referenceto List
Referenceto Primary KeyForeign Key
T EMPLOYEE
CODEEMPLOYEECODE
T TRAININGACTIVITY
TRAININGCODETRAIN GCODE
TABLE: INSTITlJTELEVEL
Column List
Name TypePM
LEVELCODE
integerYesYes
INSTITUTION CODE
Index List
Index Name PFUC Column NameSort
TRELA TION 294 PK
YesNoYesLEVEL ODE ASC- -- INSTlTUTIONCODE
TION 294 FK2
NoC
TION
INSTlTUTIONCODE
ReferencetoList
Referenceto Primary KeyFore gn Key
T INSTITUTE
CODEINSTlTUTIONCODE
LEVEL
LEVELCODE
Referenceby List
Referencedby Primary KeyForeign Key
T EMPLOYEE
LEVELCODEEDUCATI NLEVELCODE
INSTlTUTIONCODE
INSTlTUTI NCODE
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TABLE: INSTITUTION
Column List
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
Index List
Index Name
T INSTITUTE I'K- - CODE
Column Name
Reference by List
Referencedby
T INSTITIJTELEVEL
TABLE: JOBCATEGORY
Column List
CODE
Primary Key Foreign Key
INSTITUTIONCODE
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
DESCRIPTION
1 0)
Index List
Index Name
T JOBCATEGORY PK- - CODE
Column Name
Reference by List
Referencedby
T COSTCENTER
TABLE: JOBTITLE
Column List
CODE
Primary Key Foreign Key
JOBCATEGORYCODE
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
DESCRlPTION
lOO)
Index List
Index Name
T JOBTlTLE PK- -
Referencehy List
CODE
Column Name
Refercnccdby Primary KeyForeign Key
T EMPLOYEE
CODEJOBTITLECODE
T EMPLOYEEJOBTITLE
TABLE: LEVEL
Column List
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
DESCRIPTION
lOO)
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Index List
Index Name
T LEVEL PK- - CODE
Column Name
Referenceby List
Referencedby
T INSTITUTELEVEL
TABLE: LOCATION
Column List
CODE
Primary Key Foreign Key
LEVE1.CODE
Name TypeP:vI
ARE CODE
integerYesYes
CODENAM
char(50)NoNo
Index List
Index Name PFUC Column NameSort
T LOCATION PK
YesNoYesARE CODE ASC- - CODE
AREA1.OCATION fK
No
Referenceto List
Referenceto
TAREA
Referenceby List
CODE
Primary Key Foreign Key
ARE CODE
Referencedby Primary KeyForeign Key
T PRODUCTIONMACHINE
ARE CODEAREACODE
CODE
1.OCATIONCODE
TABLE: MACHINETYPE
Column List
Name TypePJ\l
CODE
integerYesYes
NAME
char(50)NoNo
DESCRIPTION
IOO)
IndexList
Index Name
T MACHINETYPE PK- - CODE
Column Name
Referenceby List
Referencedby
T PRODUCTIONMACHINE CODE
Primary Key Foreign Key
MACHTNETYPECODE
TABLE: ORGANIZATIONCALENDAR ACTUAL
Column List
Name TypeP1\1
CA1.ENDARDATE
dateYesYes
SHIFTCODE
char(!)
WORKCA1.ENDARTYPECODE
integer
ORGANIZATIONSTA TUSCODETOTAL MOU T
realNoNo
N ES
SO)
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lndex List
Index Name PFUC Column NameSort
T ORGANIZATIONCALENDA
NoNoYesWORK ALENDARTYPECODASC
R ACTUAL PK
E- - ORGANIZA TIONSTA rusco
DESHIFTCODE CALENDARDATEORGSTATORGCALACT FK
ORGANIZA TIO ST Arusc
SHIFTORGCALACT [oK
SHIFTCOD
WRKC LTYPE RGCALACT
O~CALENDARTYPECOD
FK
Referenceto List
Referenceto Primary KeyForeign Key
'I ORGANIZATIONST A'IUS
CODEORGANIZA TIONST Arusc
ODET SIIIFT
SIIIFTCODE
WORKCALENDARTYPE
. WORKCAL NDARTYPEC
ODE
TABLE: ORGANIZATIONCALENDAR PLANNED
ColumnList
Name TypePM
CALENDARDA TE
dateYesYes
SHIFTCO E
char(l)Yes
WORKCAL NDARTYPECODE
integer
ORGANIZATIONS A TUSCODETOTAL MOUNT
realNoNo
N TES
50)
lndex List
Index Name PFUC Column NameSort
T ORGANI1ATIONCALENDA
NoNoYesWORK ALENDARTYPECODASC
R PLANNED l'K
E- - ORGANIZATIONSTATUSCO
DESHIFTCODE CALENDARDATE
- N~ORGSTATORGCALPLN FK ORGANIZA TIONST rusco
SHIFTORGCALPLN FK
SHIFTCOD
WRKCALTYPE RGCALPLN
-
No
17K
Reference Lo LisL
Referenceto Primary KeyForeign Key
T ORGANIZA TIOJ~STATUS
CODEORGANIZA TIONST Arusc
ODET SHIF
SHIFTCODE
WORKCALENDARTYPE
WORKCAL NDAR YPEC
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TABLE: ORGANIZATIONSTATUS
Column List
Name TypePM
CODE
int.::gerYesYes
NAME
char(SO)NoNo
DESCIUI'TI( )N
IOO)
Index List
Index Name PFUC Column NameSort
T ORGANII.ATIONSTATUS
PYesNoYesODE ASC- K
Referenceby List
Referencedby Primary KeyForeign Kcy
T ORGANIZA TIONCALENDAR
CODEORGANIZATIONST Arusc- - ACTUAL ODE
T ORGANI7. TIONCALENDAR
ATUSCPLANNI;!)
TABLE: PMACTIVITYHOURS
Column List
Name TypePM
PRODUCTIONDATE
dateYesYes
SHIFTCODE
char(1)
PRODUCTION MACHINECOD E
integer
ACTIVI YC DEDURATI N
numencNoNo
Index List
Index Name PFUC Column NameSort
T PMCALENDARACTlVITY
-
P
No NoYesSI-I1FT ODE ASC
K
PTWDUCTIONMACHINECOD
EPRODUCTIONDATEACTIVITYC DERELATION SiD fK2
NoH FTCODE
M CHINECODTETION FK
ACT VITYCODE
Referenceto List
Rde,-clIce to Primary KeyFOI-cignKcy
T ACTIVITY
CODEA TIVITYCODE
T PMCALEND/\R
SHIF CODESHIFTCODE
PRODUCTIONMACHINECODE
PR U TI NMACHINEC
D TE
ODE
PRODUCTIONDA TE
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TABLE: PMCALENDAR
Column List
Name TypcPM
PRODUCTIONDI\TE
daleYesYes
SHIFTCODE
char(1)
PRODUCTIONI\tI ACT IINFCODE
intf'ger
C EW ()I)I~
.egerNu
MS i\ JS( -()()I~
eo
WORK Et\iVICO[)I
Index List
Indcx Name PFUC Column NamcSort
T PMCALENDAR PK
NoNoYesSHIFTCODE ASC- - PRODUCTIONMACHINECOD
EPRODUCTIONDATERELA TION 532 FK
PRODUCTIONMACHINECOD
CREWPivlCI\IYND/\R FK
EW I\
Sl-IIFTPMCI\LEN/)/\R I-X
I': i
PMST TUSPMCALENDAR F
MSTATUSCODE
K WORKTEAMPMCALENDAR F
WORKTEAMCODE
ReferencetoList
Referenceto Primary KeyForeign Key
'I CREW
CODECREWCODE
'I PRODUCTIONMACI-HNE
P ODUCTIONMACHINEC
ODET MSTt\TIJS
MSTt\ TUSCODE
SHIF
SI-llHCODE
W RKTI~t\1'vI
WORKTEAMCODE-
Referenceby List
Refercnccdby Primary KeyForeign Ke
T PMDOWNTIMES
SHIFTCODESHIF'ICODE
PRODUCTIONMACHINECODE
PRODUCTIONMACHINEC
D TE
ODE
PRODUC'IIONDATE'I PMSCI-IEDULE
I-II T
I- INEC E T TET A T VITYI lOURS
fT I- INEC
I 'I
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TABLE: PMDOWNTIMES
ColumnList
Name TypePM
PRODUCTIONDA TE
dateYesYes
PRODUCTJONMACI-l fNECODE
integer
SHIFTCODE
ehar(1)
TART JM
timNoNo
END IME
IndexList
Index Name PFUC Column NameSort
T PMDOWNTIMES PK
NoYesNoSHIFTCODE ASC- - PRODUCTIONMACHINECOD
EPRODUCTJONDATE
ReferencetoList
Referenceto Primary KeyFore gn Key
T PMCALENDAR
SHIFTCODESHIFTCODE
PRODUCTIONMACHINECODE
PRODUCTIONMACHINEC
D TE
ODE
PRODUCTIONDATE
TABLE: PMQUALIFICATION
ColumnList
Name TypePM
QUALIFICA TIONCOD E
integerYesYes
PRODUCTJONMACHINECODEREQUIRED
numeric(I)No
AMOUNT
nu erICNoNo
Index List
Index Name I'FUC Column NameSurt
T_I'MC)1IA 1.IFf('ATION
PKYesNoYesQl J ALl f<ICATIONCODE ASC
PROD UCTl ONMACHIN ECODEQUALlFI( :ATI()N JI<
NoU LIrICATIONCODE
PRODUCTIONMACI lINE
f<KPRODU TIONMACHINECOD- E
Referenceto List
Referenceto Primary KeyFore gn Key
T PRODUCTIONMACHINE
CODEPRODUCTIONtvIACHINEC
ODET QUALIFICATION
QUALIFICA TIONCODE
IlMIR YUKSfK TEKNOlOJi ENSrnUSL
REKTORlUGU I
Kuruphone ve DokOmontosyon Doire B~l.1
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TABLE: PMSCHEDULE
ColumnList
Name TypePM
SHIFTCODE
char(1)YesYes
PRODUCTIONMACHINECODE
integer
D TE
date
conl~
iNo
LA NNEDI'ROI)IICTIONAM OUNT
DumeflC.NoNo
A Cl'UALI' 1<.0lJ UC ['[ OUNTDEfECTS
IndexList
Index Name PFUC Column NameSort
T PMSCHEDULE PK
YesYesNoSHIFTCODE ASC- - PRODUCTIONMACHINECOD
EPRODUCTIONDA TERELA TION 573 FK
NoPRODU TCODE
ReferencetoList
Referenceto Primary KeyForeign Key
T PMCALENDAR
SHIFTCODESHIFTCODE
PRODUCTIONlvIACHINECODE
PRODUCTIONlvIACHINEC
DATE
ODE
PRODUCTIONDATET PRODUCT
CODE CODE
TABLE: PMSTATUS
ColumnList
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
DESCRIPTION
1 0)
IndexList
Index Name
T PMSTATUS PK- - CODE
Column Name
Referenceby List
Referencedby
T PMCALENDAR
TABLE: PRODUCT
ColumnList
CODE
Primary Key Foreign Key
PMSTATUSCODE
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
DESCRIPTI ON
1 0)
IndexList
Index Name
T PRODUCT PK- - CODE
Column Name
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Referenceby List
Referencedby
T PMSCHEDULE CODE
Primary Key Foreign Key
PROOUCTCODE
TABLE: PRODUCTIONMACHINE
Column List
Name TypePM
CODE
integerYesYes
DEPARTMENTCODE
NoNo
NAME
char(SO)
SC IPTION
100)
ACTIVE
)
R COOLOC TI NCODESU E P RO0UCTI ONMACCODEM CHINETYPE ODE
Index List
Index Name PFUC Column NameSort
T PRODUCTIONMACHINE P
YesNoYesODE ASC- - K
J)EI>ARTMFNTI'M FK
NoDEPARTMENTCODE
LOCATI NI'M I'X
ARE COD
LOCATIONCODEREL TION 317 17K
SU E PRODU TIONMACCO
DEPMMACT IINFTYPE rK
MACHINETYPECODE
Referenceto List
Referenceto Primary KeyFore gn Key
T 0EPARTM ENT
CODEDEPARTMENTCODE
T LOCATION
ARE CODEARE COD
CODE
LOC TIONCODE
A IIINETYI'E
M HfNETYFECODE
PRODUCTIONMACHlNE
SU E PR U TIONMAC
CODE
Referenceby List
Referencedby Primary KeyForeign Ke
T PMCALENDAR
CODE,'.. PRODUCTIONMACHINEC- ODE
T]MQUALIFICATION
PRODUCTIONMACHINEC
ODET PRODUCTIONMACHINE
SUPERPRODUCTIONMA
CODE
TABLE: QUALIFICATION
Column List
Name TypePM
CODE
integerYesYes
NAME
char(SO)NoNo
DESCRIPTION
100)
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Index List
Index Name
'1'_QUALIFICATION _I'K
Reference by List
CODE
Column Name
Refercncedby Primary KeyForeign Key
T_EMPLOYEEQUALJFICATION
CODEQUALIFICA TIONCODE
T]MQUALIFICATIONT TRAININ(j;\( 'TIVITY
TABLE: SHIFT
Column List
Name TypePM
CODE
chaf(1)YesYes
NAME
r SO)NoNo
STARTTIME
time
ENDTIMESEQUENCE
s allint
IndexList
Index Name
'I' SHIFT I'K- ,-
Relercncc by I,isl
CODE
Column Name
Refercnccdby Primary KeyForeign Key
T EMPLOYEEC ALENDAR ACT
CODESHIFTCODE- - UAL
T EMPLOYEECALENDAR PLAN
NED
ORGANIZATIONCALENDAR
- ACTUALPLANNED
P C LENDART ST;\TIONSrllITI'L1~
HCODE
TABLE: SHUTTLE
Column List
Name TypePM
CODE
integerYesYes
REGNUMI3ER
char(10)NoNo
DRIVER
SO)
MA KS
00)
CAP CITY
IndexList
Jndex Name
T SHUTrI ,E I'K- -- CODE
Column Name
Referenceby List
Refercncedby
T STATIONSHU1TLE CODE
Primary Key Foreign Key
SHUTTLECODE
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TABLE: STATION
ColumnList
Name TypePM
CODE
integerYesYes
STATIONNAME
char(50)NoNo
ADDRESS
lOa)
IndexList
Iudcx Name
T STATION ilK- -
Referenceby List
CODE
Column Name
Rcfercnccd by Primary KeyForeign Key
T STATIONSHUTTLE
CODESTATIONCODE
T EMPLOYE
I
TABLE: STATIONSHUTTLE
ColumnList
Name TypePM
CALENDARDATE
dYesYes
SHIFTCO E
char(I)
TATIONCO[)
integer
U TLE fJFPICKUPTIl'vIE
lNoNo
IndexList
Iudex Namc PFUC Column NameSort
T STATIONSHlJTrLE
PKNoNoYesSTATIONCODE ASC-- SHUTTLECODE
STATION FK
NoI
HU LE F
HU TLECODE
ReferencetoList
Rcfercncc to Primary KeyFore gn Key
T SHUTTLE
CODESHUTTLECODE
T SHIFT
IF CODE
TATION
TA ION
TABLE: TITLE
ColumnList
Name TypePM
CODE
integerYesYes
NAME
char(50)NoNo
IndexList
Index Name
T TITLE PK- - CODE
Column Name
Referenceby List
Referencedby
T EMPLOYEE CODE
Primary Key Foreign Key
TITLECODE
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TABLE: TRAININGACTIVITY
Column List
N;lme TypeP M
TRAININGCODE
integerYesYes
TRANINGSTATUSCODE
NoNo
QUALIFICA TION EINSTRU TORC DEDATEFROM
date
TOC PACITYNO S
char(100)
L SS OM C mE
Index List
Index Name !'FUC Column NameSort
T TRAININUACTIVlTY PK
YesYesNoTRAININGCODE ASC- - TSTATUS FK NoNINGST ATUSCOD E
INSTRUCTOR FK
INSTRUCTORCODE
QUALIFICATION_FK3
QUALIFI ATIONCODE
CL SSROOMTRAINING FK
oL SSROOM
Reference to List
Referenceto Primary KeyForeign Key
T CLASSROOM
CODECLASSROOMCODE
T EMPLOYEE
INSTRUCTOR
T_QUALIFICATION
QUALIFI ATIONCODE
TR ININ(;M;\STEI~
TR ININGCODE
GST ATUS
NINGSTATUSCODE
Reference by List
Referencedby
T EMPTRAINING
TABLE: TRAININGMASTER
Column List
Primary Key
TRAININGCODE
Foreign Key
TRAININGCODE
Name TypePM
CODE
integerYesYes
TRAININl,TYl'1 ~CODE
NoNo
NAME
chal(50)
DESCRIP ION
e r((0
OT S
;: (
Index List
Index Name PFUC Column NameSort
T TRAININGMASTER PK
YesNoYesODE ASC- - TIYPETRAINTNG FK NoTRAININGTYPECODE
Reference to List
Referenceto
T TRAININ( ,TYPE
Reference by List
Referencedby
T TRAINrNGACTIVITY
Primary Key
CODE
Primary Key
CODE
Foreign Key
TRA rNTNGTYPECOD E
Foreign Key
TRAININGCODE
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TABLE: TH.AININGSTATUS
Column List
Name TypePM
CODE
integerYesYes
NAME
char(SO)NoNo
IndexList
Index Name
T TRAININGST ATUS PK- - CODE
Column Name
Referenceby List
H.efercncedhy
T TRAINfNCiACTIVITY
TABLE: TRAININGTYPE
Column List
CODE
Primary Key Foreign Key
TRANINGST ATUSCODE
Name TypePM
CODE
integerYesYes
NAME
char(SO)NoNo
DESCRIPTION
ar(100)
IndexList
Index Name
T TRAININ(iTYPE PK- .- CODE
Column Name
Referenceby List
Referencedby
T TRAININ(irvL\STEI~ CODE
Primary Key Foreign Key
TRAININGTYPECODE
TA8LE: VACATI ONENTITLEMENT
Column List
Name TypePM
ENTITLEMENTYEAR
smallintYesYes
EMPLOY ECODE
integer
V ACA TIONENTITLEMENT
realNoNo
TI REM A INTNGCOMP ENSATI 0NBALANCE
IndexList
Index Name PFUC Column NameSort
T VACATlONENTITLEMENT
NoNoYesEMPLOYEECODE ASC- - PK ENTITLEMENTYEAR
EMPV ACE TITLEM NT FK
ReferencetoList
Referenceto
T EMPLOYEE CODE
Primary Key Foreign Key
EMPLOYEECODE
Name
TABLE: WORKCALENDARTYPE
Column List
ICODE I Typeinteger I Yes P
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Name
NAME
Index List
Type
char(SO)
p
No
Index Name PFUC Column NameSort
T WORKCALENDARTYPE P
YesNoYesODE ASC- - K
Reference by List
Referencedby Primary KeyForeign Key
TCREW
CODEWORKINGCALENDARTY
PECODET ORGANI/AIIONCt\I.ENDt\R
_.
CODE
CALENDARTYPEC
ACTUAL
ODE
ZATIONCJ\LENDt\R
-
PLANNED
TABLE: \-VORKTEAM
Column List
Name TypePM
DEPARTMENTCODE
integerNoYes
CODE
Yes
NAM
char(SO)No
DESCRIPTION
lOO)
Index List
Index Name PFUC Column NameSort
T WORKTEAM PK
YesNoYesODE ASC- - R DEPARTMENTWORKTEAM NoDEPARTh ENTCODE
FK
Reference to List
Reference to
T DEPARTMENT CODE
Primary Key Foreign Key
DEPARTMENTCODE
Referenceby List
__ R_el_'er~'_n_c_e(_1by _
'I' I'M<:I\I.I~NI)j\I{ ('()I)E
Primary Key Foreign Key
wcm KTF.t\ivl(:O[)r:
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5.4.2.Domains
Table 5.3DomainList
DomainName Code DataType
d bankaccountno
D BANKACCOUNfNOchar(25)
code
CODEInteger
d_description
DESCRIP IONl O)
n me
N M 50
sex
S X )
sn
S
u em me
U ERNAME8)
y no
Y NO
5.4.3.Physical DatabaseSchema
Figure5.5showsthephysicaldatabaseschemadiagrambasedonthedefinitionsabove.
All tablesandreferencesbetweenthetablesareshownin thephysicaldatabasemodel
diagram.The physicalmodelshowsall actualattributesand attributesdefinitions(data
types),primarykeys and foreign keys of the tables.Indexes,key constraints,user
constraintsare also embeddedin this model. Triggers, proceduresfor integrity
constraintsaredefinedwithinthephysicalmodel.In fact all thesesettingsarethelast
stepbeforethecreationof theactualdatabaseschemein thegivenDBMS environment.
We havenotshowntheimplementationof theactualdatabasefor our schemasincewe
are not going to include the databaseimplementationphase in this thesis. The
implementationphasewouldrequirethesetupof views, databaseprocedures,security
grants,usergroupsandfine tuningthesetting(i.e. tablespaces,databaselog spaces)
dependingonthevolumeof thedata,numberof usersandDBMS restrictions.
The next stepof the implementationwould be the developmentof user interfaces
(applicationsfor dataprocessing,query andreporting).This would be,alongwith the
implementeddatabaseschema,a managementinformationsystemsfor man-power
planning.Anotherpointto rememberis theinternalandexternalinks of thedatabase
schemato otherdatasources.While someof thedatawouldactuallycomefromother
informationsystems(i.e. transactionprocessingsystems,automateddatacollection
system),someof thedatain our databasewould be utilizedby othersystemsin the
organizations(i.e. payroll, training department,logistics) Figure 5.6. shows the
interfacesof our databasesystemsto otherpossiblesystems.In otherwordsthedata
flow from our systemto otherbusinesssystemsin the organizationand vice versa.
Theseinterfacesareshownatahigh-levelin thefigure.
In thischapter,we havetriedto implementa databasemodelfor a givenproblem,that
we calltheman-powerplanning, withinatypicalorganizationwehavepicturedforour
model. We did not showthe implementationour theoretical requirementsanalysis
which leadus to thedatabaserequirementsasa startingpointfor our model.We have
detailedtheprocessof entitydesign,EIR modeling,conceptual
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schemadesignandfinally translatingour systeminto anactualrelationaldatabase
schema.Our designcriteriaandmethodswerebasedon thestudywe havehadin
Chapter3 and4 wherewe haveusedtheE/R techniquesto designourdatabase.
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Chapter6
CONCLUSION
In thisstudywehavediscussedvariousaspectsof informationsystems,database
systemsandwe ended-upwith a databasedevelopmentcasestudyfor theproblemof
"man-powerplanninl!' in organizations.
Informationsystemhavegonethroughvariousphasesandrolesthroughouthe
lastfifty years.Therehasbeenaneverincreasingvolumeof utilizationof information
systemswithin the organizations.The daily dependencyof the businessesto
informationsystemshasincreasedmoreandmore.As thetechnicalabilitiesof system
developmentincreasedso did the informationrequirementsof theorganizations,thus
leadingto functionallyandarchitecturallymorecomplexandsophisticatedinformation
systems.. What is more, differenttypes of informationsystemshave evolvedfor
differentgroupsof people(users)anddifferentnatureof businesses.Today,different
technological platforms work together to compose the overall organizational
informationsystem.While "old" legacysystemsare still in place and servingthe
organizationsin on wayor theother,newsystemsarebeingdevelopedwith different
architecturesandfeatures.In anygivenorganizationsit is possibleto seetransaction
processingsystems,office automationsystems,managementinformationsystemsand
decisionsupportsystemstogether.Informationsystemsare like any othertool, that
peopledevelopanduse for theirpurposes.The fact with informationsystemsis that
theyaredifficult,andcostlyto buildandmaintain.It is alsotruethatachievingdesired
targetsandprovidingsuccessfulinformationsystemsis notaneasytask.This requiresa
goodunderstandingof whatinformationsystemsarefor andwho is goingto usethem.
Given the amountof expertise,time and effort, put into informationsystems,the
expectancyof "success","effectiveness"and"usersatisfaction"is at averyhighlevel.
Systemdevelopersarefacingchallengesfrombothbusinessandtechnologyangels.
A majorcomponentin the informationsystemsarethedatabasesanddatabase
managementsystems.A successfulinformationsystemsshould surely sit on a
successfullyimplementeddatabasesystem.Informationsystemsare not just a few
applicationsonuserswork stations.Theyprocessdata.Datahasto bewell definedand
organized.This has to reflect the natureof the businessand the natureof the
organization.Data has to be sharedand availableto multiplepeople.It has to be
maintainableandaccessible.Variousdatabasemodelshavebeenin placesincetheearly
networkmodel.Hierarchical model, relationalmodel,object-relationalmodel and
finally the recentobjectorientedmodelarethe variouscategories.Today, themost
widelyuseddatabasemodelis therelationalmodel.Major DBMS solutionsarebased
on relationalandobject-relationalmodels.We havestudiedtherelationalmodelin this
thesis.We havegiven variousproblemsassociatedwith relationalmodeland also
varioussolutions.E/R modeling,schemarefinement,normalizationare amongthe
conceptswe havediscussed.Theseformedthe basefor our casestudyof database
schemadevelopment.
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As the case study we have worked on a databaseschemadesign and
developmenttask.This is a databasemodelproposalfor man-powerplanningproblem.
Thedatabaserequirementsaresummarizedatthestartof thedevelopmentprocess.The
developmentprocesshasbeena demonstrationof databasedevelopmentcyclesfrom
initial entitydesignto final physicalschemageneration.While doing this we have
utilizedthesophisticatedesigntoolSybasePowerDesigner.
It is importantin anydatabasedevelopmentprocessto identifytheentitiesand
relationshipsamongthem.Thedesignhasto serveitspurposeandshouldbeasrefined
as possible.The wholeschemain factshouldbetheanswerof manyquestionsin the
problemarea.In otherwords,a datasolutionfor informationneedsof users.While the
initial solutionis still a manualtask,usinga designtool like in our case,enabledus to
generateaccurate,structuraland well documentedresults.E/R model (conceptual
model)wastheinitialsolutionfor ourproblem.This is thenfollowedbyrefinementand
creationof theactualdatabaseschema.Everydatabasedesignin onewayor theother
shouldgo throughan initial definitionphaseandmodelingfollowedby a refinement
process.Normalization,redundancy,integrity constraintshave to be taken into
considerationbeforethefinalproduct.
Man-powerplanningis chosenfor ourcasestudy.Everyorganizationsomehowhasthe
challengeof man-powerplaning.Activitiesaroundpeopleatwork arein manyvarious
nature,predictable,unpredictable,easyto planetc.Man-powerplanningis associated
with almosteverybusinessfunctionin an organization.Production,training,logistics
aresomeof theexampleswe cangivehere.In ourmodelwe havechosena theoretical
organizationin manufacturingarea.We haveplacedour employeeentityatthecenter
andstaredbuildingup themodelas describedin thedatabaserequirementsummary.
There aremanyenterpriseresourceplanningtools, crew schedulingpackageson the
marketplace.Our developmentratheris basedon a theoreticalproblemof man-power
planningin a theoreticalorganizationandis to providea smallproposalof howto solve
it. andwhile doingsoto showthewell definedanddocumentedatabasedevelopment
process.We arenotproposinganyreallife solutionwith this study.To be a real life
solution,thisstudyhasto bebroughtfurtheranddeeperin analyzingtheproblem.What
is more, it is not a completesolution.We have not developedany packageor
application.Our scopewasdefinedasthedatabasemodeldevelopment.Developinga
completepackagewould requirevariousanalysisand decisionson technologyand
implementation.We haveseenour solutionas independentfrom any implementation
strategy.The importanceof sucha customizedesignis thebusinessorientationof it.
Similarproblemswouldexistsin differentorganizationsbuthow far thesolutionwill
go, woulddependonthechoicesanddecisionsforeachorganizations.
Big business solution packagesdo have modules for human resource
management,productionplanning,trainingschedulingetc.But this still doesnotsolve
the problemof achievingcustomizedorganizationspecificrequirementsquicklyand
easily.This is nota debateof packagevs. in-housedevelopment.Along with different
packagespurchasedorganizationsdo havesystemanalysts,designersandarchitectsto
implementin-housesolutions.What we have done here is a very similar small
approach.Only thistimewe havedefinedourorganization,givenit a problemandtried
to solveit.
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SUMMARY
Informationsystemsstudyis at the centerof manyconceptsmainly,people,
software,data,communication,hardware,organizationand procedureswhich makes
informationsystemdevelopmentmorethanjust an informationtechnology(IT) task.
Informationsystemsare a part of an organizationalsolution,basedon information
technology,to a challengeposedbyenvironment.
Theterminformationsystemshasbeendefinedastheeffectivedesign,delivery,
useandimpactof informationtechnologyin organizationsandsociety.Anotherwayof
seeingthemis thatinformationsystemaresystemswhichassemble,store,processand
deliverinformationrelevanto anorganization(or to society),in sucha way thatthe
informationis accessibleand useful to thosewho wish to use it, including staff,
managers,clients,citizens.
Therearedifferentarchitectures(types)of informationsystems.Definedby their
functionality and processing.These are, transactionprocessingsystems, office
automationsystems,knowledgework systems,managementinformationsystems,
decisionsupportsystemsand executiveinformationsystems.This categorizationis
madebasedon theirtargetusersandtheirfuntionality.Thesedifferenttypescan co-
existsin organizationstobuilt-uptheoverallorganizationalinformationsystem.
A majorcomponentof the informationsystemsis thedatabasesystemor the
databasemanagementsystemsthat providea platformfor storing,organizingand
queryingdataby informationsystems.A databaseis a collectionof data,typically
describingtheactivitiesof oneor morerelatedorganizations.For example,auniversity
databasemightcontaininformationaboutentitiessuchasstudents,faculty,coursesand
classroom;relationshipsbetweenentities,such as studentsenrolmentsin courses,
facultyteachingcoursesandtheuseof classroomsfor courses.A databasemanagement
systems,or DBMS, is a softwaredesignedto assistin maintainingandutilizing large
collectionsof data.Differentdatabasesystemshavebeendevelopedoverthepastyears.
Thesearenetworkmodel,hierarchicalmodel,relational/object-relationmodelandthe
recentlyobjectorientedmodel.The relation(andobject-relational)model is the most
widely used model today. Relation model is based on the relationaltheory in
mathematics.Relationsarethemainentitiesin therelationalmodel.Relationalmodel
hasitsownproblemsof schemarefinementandnormalization.
The designof a relationaldatabaseschemamostlystartswiththeE/R modeling
of therequiredsystems.This is thenfollowedby E/R to relationalschemaconversion
andschemarefinementleadingto thefinalproduct.In reallife, thefull implementation
of a databaseschemaalsoincludesvariousDBMS andplatformdependentissues,such
assecurity,accessgrants,DBMS tuningetc.
Our databasedevelopmentmodelandtheprocessin thisstudystopsatthepoint
of the actualimplementation.We havedevelopeda databasemodelfor man-power
planningproblem,wherewe haveusedE/R method,a databasedesigntool Sybase
PowerDesigner.We havegeneratedthephysicaldatabaseschemaasa combinationof
thetooloutputandschemarefinement.
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6ZET
Bilgi sistemleriara~tIrmalanfarkh kavramlann- insan,yazlhm,veri, ileti~im,
donamm,organizasyonve prosedtirler- kesi~tigibir noktadabulunmaktadlr.Bu
nedenlede bilgi sistemleritasanml sadecebir teknolojik vali~madegildir. Bilgi
sistemleri,organizasyonlarda,vevredenve i~in dogasmdangelen problemlereve
gereksinimlerebir voztimbulmavabasldlr.
Bilgi sistemleri,bilgi teknolojisininetkintasanml,stirtimti, ve kullammlolarak
gortilebilir.Bir ba~kayakla~lm,bilgi sistemleriniveritoplayan,i~leyenvekullamcllara
faydahvegereklibilgiyiiiretensistemlerolarakgormektir.
Bilgi sistemlerinfarkh tipleri bulunmaktadlr.Bu farkhhk fonksiyonelav1dan
tammlanml~tlr.Farkli tipler, "transactionprocessingsystems","office automation
systems","managementinformationsystems",decisionsupportsystems"ve"executive
informationsystems"~eklindeslralanabilir.Bu farkhtiplerorganizasyonlardabir arada
bulunarak,organizasyonelbilgi sisteminiolu~turur.
Bilgi sistemlerininbtiytik bir parvasl,veri tabanlanve veri tabamyonetim
sistemleridir.Yeri tabam,organizasyonelverilerinyaplsalbir toplamldlr.Orneginbir
tiniversiteveri tabamsistemi,ogrenciler,dersler,boltimlervs. ile ilgili verileri ve
bunlann arasmdaki ili~kileri bulundurur. Yeritabam yonetim sistemleri, veri
tabanlannmi~letilmesinive kullammmisaglayangeni~vaphyazlhmlardlr.Gevmi~ten
bugtine,degi~ikveri tabamsistemlerigeli~tirilmi~tir.''Networkmodel","hierarchical
model","relational(object-relational)model" ve son donemlerdegeli~tirilen"object
orientedmodel" bu farkh sistemlerdir."Relationalmodel" en yagmkullamlanveri
tabammodelidir."Relationalmodel","normalization"ve "schemarefinement"gibi
kendineozgtiproblemlerbanndlrmaktadlr.
"Relational"veri tabamtasanmlE/R modellemesiile ba~Iar. Bunu izleyen
i~lem,E/R modelin"relational"bir yaplyadonti~ttirtilmesidir.Gervekya~amdaveri
tababamtasanml ve uygulamasl,veritabamyonetim sistemininsevimi ve veri
gtivenligi, kullamcl tammlanmasl gibi i~letim ortamma bagh seyeneklerin
tammlanmasmlgerektirir.
Bu vah~madaverilen veri tabam modeli tasanml, gervek veri tabamnm
uygulanmaslnoktasmdablrakI1ml~tIr.Tasarladlglmlzveri tabammodeli,insangticti
planlamasmayonelikbir vah~madlr.Bu tasanmslrasmda,E/R modellemeyontemive
veri tabamtasanmpaketiSybasePowerDesignerkullamlml~tIr.<;ah~mamnsonunda
fizikselveritabammodelitiretimi~tir.
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